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Foreword

With its large and mountainous topography, China has suffered from serious landslide and mudflow hazards. The
large-scale economic construction has also raised serious slope stability concerns. Catastrophic landslides happened in
the engineered slopes created in mining, hydropower and transportation projects, bringing huge losses of human lives and
properties. On the other hand, valuable experiences have been obtained from many successful engineering slopes such as
those involved in the projects of Three Gorges, Xiaolangdi, and the Qinghai — Tibet Railway, etc.

The Chinese engineers and scholars working on geohazard mitigations and slope engineering are particularly privileged
to have the opportunity of hosting the 10th International Symposium on Landslides and Engineered Slopes in 2008. After
a warm discussion, we decided to publish the sister-volumes of albums entitled ‘Landslides in China — Selected Case
Studies’ and ‘Engineered Slopes in China — Approaches and Case Studies’ respectively as gifts to the Symposium. The
landslide volume was edited by Dr. YIN Yueping and published in December, 2007. This ‘early bird’ brought great pressure
and encouragement to us who had taken the responsibility of compiling the latter, an even big collection that consists of 4
volumes concerned with slopes of mining, highway and railway, water resources and hydropower, and the Three Gorges
Reservoir projects respectively. We are happy to see that this album has now come to reality as a result of the joint efforts
made by our colleagues working on different industrial and civil areas.

This album describes some important slope failure cases in engineering. The landslide of Yanchihe and the large ground
movement of the Hancheng Power Plant are typical examples of slope failures induced by underground mining. The former
buried a village and killed 284 people, and the latter caused more than 20 years sustaining slope movement and damages to
the power plant. Landslides triggered by excavations are common and the slope failure cases of Tianshengiao II, Xiaowan
and Manwan projects are certainly worthwhile to be studied. Qianjianping Landslide is one case of slope failure caused by
filling of the Three Gorge reservoir. Although 128 people had successfully evacuated, it still resulted in 24 fatalities.still
many engineered slopes on highways and railways in the area of loess, frozen soil and deserst are specific in China.

This album contains a number of large-scale successful engineered slopes. The navigation lock of the Three Gorges
project involves an excavation of 22x10°m’ rocks and the issue of stress release had been a serious concern, to which
the answer is available now. The intake and outlet slopes of the Xiaolangdi Project were built in Tertiary inter-bedded
sandstones with thick clay seams. As these slopes accommodate all water diversion facilities of this 165 m high embankment
dam, the successful performance during construction and operation has been a great contribution to this key project in the
Yellow River. The left abutment of the 304 m high Jinping arch dam necessitates a 530 m deep excavation with a sloping
of 0.5~0.3 (H) on 1 (V). Readers will also be impressed by the pictures that describe the new cities for the 1.2 million
resettlement people of the Three Gorges Project. Tremendous efforts have been made to ensure safe performance of these
slopes.

We would like to extend our sincere thanks to Office of Three Gorges Construction Council under the State Council,
China Hydropower Engineering Consulting Group Corporation, China University of Mining & Technology, Beijing and
CCCC First Highway Consultants Co., Ltd for their financial support and efforts in collecting all the necessary information.
Special thanks also go to those who offered their valuable photos and documents. To mention them one by one appears to be
impossible, but their contributions will be remembered. We are particularly indebted to Professors George Tham, Zhonggi
Yue, Charles Ng, and Jianhua Yin from Hong Kong, who organized the English translation work. We are especially grateful
to Mrs. So Po Yuen, Cynthia, who edited the English language voluntarily for all the 4 volumes based on her technical

assistant’s work. Without their effort, the English texts of this book would not have been made possible.

CHEN Zuyu
FENG Maorun
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Preface

There are many large slopes with great height and very
complex geological and hydrological conditions in China’s water
resources and hydropower projects. Slope stability problems
greatly influence the feasibility study, investment, decision-
making, construction and safe operation of these projects.
Slope failures have caused serious damage to human lives
and properties. With the rapid development of China’s hydro-
projects, slope stability had become an important concern.

Compared to the engineering slopes of other areas such
as mining, highway and railway, hydro-projects involves even
more complexities as these slopes are normally high and
steep, located in deep valleys with complicated geological and
topographic conditions. The requirement for aligning various
hydraulic structures presents more challenges. It is therefore
worthwhile to pay special attention.

In the past 30 years hydro-project slope engineering
techniques have made great achievements, and have already
established a complete set of technical standards including
reconnaissance, design, construction, instrumentation and
management. In this volume we would like to share these
experiences with our peers.

Design and construction of hydro-project slopes are
featured in the following aspects:

(1) Very large scale. The excavation height of slopes have
extended from an order of 100 m of the last century to several
hundreds currently, and the excavation volume, from several
hundred thousand cubic meters to millions, or even tens of
millions.

(2) Complicated geological conditions. Hydro-project
slopes often encountered various kind of landslip masses
with complicated formation, as well as different kind of rock
structures, ground water levels and high in-situ stresses.

(3) Very high safety requirement. The impact of a slope
failure can be very critical to the whole hydraulic scheme. Great
loss of human lives and properties can be incurred if a landslide
ever happens.

(4) High requirement for design and construction. It is
necessary to have detailed geological exploration to assess
the stability status of the slope, to identify the main factors that
may trigger instability, and to predict its performance. With a
comprehensive consideration of various operation stages and
possible changes of physical and geotechnical parameters, the
rational design and construction will be conducted.

(5) Extensive use of various numerical approaches.
Applications of advanced rock mechanics and analytical
approaches include the finite element; discrete element:
boundary element and key block methods. A number of
scientific research projects have been carried out for some
large hydropower projects, which gave enlightening insight into
the failure mechanism and ensured the effectiveness of various
stabilizing measures.

(6) Effective reinforcement measures. The correction
principles are: ‘reliably safe, economically rational, and
environmentally friendly’. It was also emphasized that treating
water should always be placed at top priority.

(7) Standardization of design and explorations. By
summarizing the experiences obtained from the geological
explorations and design of a series of engineered slopes, as well
as those from similar areas in China and overseas, a number
of design and construction codes and standards have been
published. They include the standards for classification and
gradation of hydropower projects (DL 5180), and for geological
reconnaissance and explorations (DL/T 5337); the codes
for hydropower slopes design (DL/T 5337), for pre-stressed
anchoring (DL/T 5176), and for shotcrete constructions.

(8) Advanced design and construction tools. The slope
engineering exploration, design and construction have been
greatly benefited from the advanced geological investigation
technologies, numerical methods, web and information based
techniques. They include the coordination of multiple-majors,
3D visualizations, dynamic design and construction approaches,
precise design and fast feedbacks, etc.

In commemoration of the 10th International Symposium on
Landslides and Engineered Slopes, to be held in Xi'an, China
from June 30 to July 4, 2008, the Organizing Committee has
decided to publish the photo albums entitled ‘Engineered Slopes
in China - Approaches and Case Studies’ edited by authorities
from the mining industry, railway and high way engineering,
water resources and hydropower engineering, and the Three
Gorges reservoir resettliement administration. This work will by all
means enrich our knowledge of slope engineering and landslide
mitigations, enhance the collaboration of various disciplines
of our country and promote international exchanges and co-
operations.

This volume is edited by China Hydropower Engineering
Consulting Group Corporation. It includes engineered slopes of
8 typical hydro-projects. They are the navigation lock of Three
Groges, intake and outlet of Xiaolangdi, left bank and abutment
of Hongjiadu, power plant of Tianshengiao I, intake of Longtan,
and left abutments of Manwan, Xiaowan, and Jinping.

The engineering slopes selected into this volume feature
in their high requirement for safety and complex geology,
resulting in a number of challenges in design and construction.
In essence, they represent the state-of-practice of China’s water
resources related engineered slopes in terms of expertise, style
and characteristics. The large number of pictures vividly shows
the construction and performance of these slopes, in addition to
the descriptions of their geological background, deformation and
failure process, reinforcement work and monitoring.

The editors of the volume wish to extend their sincere
thanks for the supports given by the designers, owners and
contractors of various projects. Comments from the readers will
be highly appreciated.

ZHOU Jianping
2008.5
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Fig. 1.1 An overview of the high slope of the E gﬁ*ﬁ E
Tianshengqiao Grade I Hydropower Station B e
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Main characteristics
A West Slope and South Slope are layer high slope. During the construction

of the plant, there were occurrences of slop toppling and original position
displaced. Many measures were taken to enhance safety such as grouting
and anchoring, drainage, and retaining walls.

A In order to prevent slope failure, comprehensive measures have been
taken to stabilize the Xiashanbao landslide in the form of load reduction,
underground drainage holes, slope stabilizing pile, pre-stressed soil nails,
pre-stressed cables, steel bar reinforced piles and steel bar reinforced

concrete frames.
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BT REHF —FKBIG EEiilE  High Slope of Tianshenggiao Grade Il Hydropower Station, Nanpan River
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Fig. 1.2 Surge shaft slope and plant slope after treatment
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1 High Slope of Tianshenggiao Grade Il
Hydropower Station, Nanpan River

1.1 General

Tianshenggiao Grade II Hydropower Station is located in the lower reaches of the Nanpan River at
the boundary between Guangxi and Guizhou Province. Its geographical distance from Guiyang is 230 km.
The total volume of the reservoir is 8.8x10’ m® and normal pool level is 645 m. The station’s maximum
power production capacity is 1,320 MW. The key structures include the head structures, the guidance
long-term current system and the ground surface plant. The concrete gravity dam is 60.7 m high, with
three water diversion tunnels with inner diameters ranging between 8.7 and 9.8 m, and an average length
of 10 km. The water head difference available is 180 m. This hydropower station project is classified as
mega scale.

The occurrence of landslides on the engineered slope behind the plant during excavation led to

comprehensive measures to improve slope stability (Fig. 1.1 and Fig. 1.2).

1.2 Engineering Geology

The excavated slope at the
Tianshengqiao Hydropower Station
reaches a height of 380 m. The upper
120 m of the slope is the surge shaft
slope, while the lower 260 m is the
plant slope. The plant slope comprises
West Steep, Bajiaolin Slide Body,
West Slope and South Slope (Fig.1.3).
In addition, the Xiashanbao landslide
can be found at the top of West Slope.
The main geological structure line of

the plant slope from north to south

is Zhongshanbao anticline, Bajiao

syncline, Xiashanbao anticline and
B1.3 | RIRAHBERURTEE | : X
Fig. 1.3 Plan of the key buildings and the distribution of slopes LaXla-l‘lgOU SynChne (Flg 14)
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MRSTREHF KB BB  High Slope of Ti iao Grade Il Hydropower Station, Nanpan River

1.2.1 Fig
BTN G Y, BESURE, WEleam, HEiUkAME124m, KREOm, BEFE, A

WEXERTRWAT, " ~T, " EREXRRERVEEEXRE, HTHEXROYE, BREREBRILERE
(EL.5) .
TP AR, MR AR, T SBUEFLEAL, WA IS RE, HEAHREIAR.

1.2.2 @i
R B RS A T0m, R A AR 0m, I ASRA0n, BRI BT TR, B
IREIRER A BTE, S HITREAT, BB ERRTE, RN, BEeEs, ARurst. FHEmN
st (V2 H) . —H61:0.8~1:0.5, ERTHOA A, KEIRRELEORERT (B1.6)
RS e BRSO ERS T, B A MAERIRA R, BT PRLE
HK 2%, TEIRETER AN SN IR - P S,

B1.4 [ XMREBE
Fig. 1.4 Geological map of the site
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B1.6 [EAETIPE B

Fig. 1.5 The west slope of the plant under construction

1.2.1 West Slope

Located to the west of the plant, West Slope is a rock slope up to 164 m high measured from the
bottom of the foundation pit to the crest. It is composed of two slopes: a 124 m high permanent slope
and a 40 m high temporary slope. The slope strata are slightly inclined and are mainly composed of
Jiangdonggou group sz“ ~ szs'z sandstone mixed with shale, and a thin layer of limestone. Due to the
cutting of originally structured faults, a cracked-layer rock mass has been formed (Fig. 1.5).

During the excavation of the West Slope, the original positions of blast holes were displaced
to various extents. However, this phenomenon disappeared once the rebalancing of gravity stress
distribution due to excavation was over.

1.2.2 South Slope

The South Slope refers to the slope adjacent to the south end of the plant. Measured from the
bottom of the foundation pit, the slope reaches 70 m high: the permanent slope is 30 m high while the
temporary slope is 40 m high. The slope is composed of Jiangdonggou group szs sandstone with a thin
shale interlayer, which dips inverse to the slope at an angle of around 60°. In general, slope ratios varied
between 1 : 0.8 and 1 : 0.5 after excavation. Within a period of just over four months, there were three
occurrences of slope toppling (Fig. 1.6).

After the toppling failures in the South Slope, measures were taken to enhance safety, namely
excavating all the toppled rock mass, readjusting excavation slope ratios, and implementing protection
measures for the excavated slopes such as grouting and anchoring, drainage, and reinforced concrete

retaining walls with steel-bars for the root section.
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