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FOREWORD

Wilh 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 privi-
leged 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 I1, 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 22X 10° 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 embank-
ment 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 perfor-
mance 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,
YUE Zhongqi, Charles Ng and YIN Jianhua 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

Chinu is a vast country with complicated geological conditions and complex geomorphology. Typical landforms of

loess, frozen soil and wind-borne sand are developed under its special physiographic conditions. In China, mountain
regions, plateaus and hills cover a total of 70% of the whole country area. In the mountain regions, extensions of roads
and railways both in terms of scale and numbers are inevitable. Then many engineering slopes occur. For the reasons
of the complicated geological conditions, the weak geological environment and developed geological hazards in moun-
tain regions, some engineering activities in road constructions, such as unreasonable slope cutting and gully filling, will
destroy geological environment and induce or intensify all kinds of geological hazards. They will cause different types
of slope failures.

Since the 1950s, with the rapid development of Chinese economy, highway and railway construction has gradually
extended to the mountainous regions. At the same time, the number and scale of engineered slopes have surged,
bringing into prominence the engineering and environmental problems caused by such slopes. The late 1990s saw the
peak of such developments when the construction of expressways in the mountainous regions made a quantum leap.
The number, scale, complexity in types and difficulty of construction of the high slopes involved in road construction
caught worldwide attention.

In order to share China's experience and achievements in highway and railway engineered slope construction with the
world, the editorial committee has selected typical cases of highway and railway engineered slopes, and compiled Book
of Engineered Slopes in China (Highway and Railway Engineering Volume) to coincide with the 10th International
Symposium on Landslide and Engineered Slopes to be held in June 2008, China.

This book consists of three parts. In part one (Chapter 1), the development of highway and railway slope engineering
in China is reviewed and evaluated. In part two (Chapter 2), typical cases of engineered slopes in the construction of
highways and railways in mountainous areas are illustrated. In part three (Chapters 3, 4 and 5), engineered slopes on
highways and railways in the unique loess, frozen soil, and desert regions in China are shown respectively.

The book was sponsored by an open fund from the Key Laboratory on Road Engineering in Frozen Soil Regions, First
Highway Consultant Co., Ltd (FHCC). It was organized and compiled by FHCC and Northwest Research Institute Co..
Ltd. of China Railway Engineering Corporation. The book was checked by YU Wenxue, WANG Chuanren, XIE Yongli.
Professor ZHAO Yongguo worked hard and made considerable contribution to this book in research and editing.

It is grateful to the units and individuals who provided relevant information during the compilation of this book. The
book has also cited research results and data of researchers at home and abroad. We would like to express our gratitude

to all the experts who have made this publication possible.

Editorial Committee

18 August 2007
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Highway and railway structures are linear constructions with spatial and geometrical specifications. Due to geological
topographical and road geometry constraints, road construction in mountainoys areas requires slope cutting or treatment of
existing failed slopes, giving rise to a large number of engineered slopes along the highway. With the rapid development of the
Chinese economy since the 1950s, hilly and mountainous areas have been developed and railways and highways have been
extending into these regions. This highlighted the issue of slope stability and gave impetus to relevant theoretical research and
prevention and control technology. Several characteristics of development are presented as follows.

(1) In terms of scale of construction, it has gone from less to more, and from single entities to rapid expansion, culminating in two
peak periods. The first period was from 1950s to 1960s, when a large number of engineered slopes came into being as a result of
highway construction in mountainous areas, representative projects being the Baoji-Chengdu Railway and the Sichuan-Tibet Highway.
The second period was from the 1990s onwards, when the construction of expressways in mountainous areas gave rise to large
numbers of engineered slopes.

(2) With regard to treatment approach, it has evolved first from “damage followed by treatment” into “radical treatment once
and for all”, and then into “protection and comprehensive treatment”, which makes for a more harmonic relationship between man
and land.

(3) In terms of protection measures, they have gone from “little or no protection™ to “mainly massive concrete or mortared
rubble masonry structures”, and “more recently to a combination of rigid and flexible structures by using multi-layered protection
and vegetation™. Protection systems are being perfected all the time.

(4) Survey design, monitoring and testing techniques for special and complex high slopes are becoming more sophisticated
each day. Itis shown in the general emphasis placed on the geological investigation of these slopes, and the implementation of

“dynamic design and informed construction™ based on information obtained from comprehensive monitoring and testing.

W 20 4 50 RN, EEPRBTERE A TR L, F () B () Bk, PRlsgkM 92 KB, /& 8D 8 (1] #
BEAF LI BRBRARLETT T e, 2R AL BORMSS S S EAERER 2 R P R AR S U RFAR A G, A,
I R A I 669km,  WYE IR A U™ AL F 447 Kb, AN RABOR E 4 30 ZAEA 1S FIMA .

M In the 1950s. in order to meet national logistic requirements, there was large-scale and rapid construction of railways such as the
Baoji-Chengdu Railway, the Long-Hai Railway extension from Baoji to Tianshui, and the Yingtan-Xiamen Railway. Due to inad-
equate experience and poor techniques available that time, road construction led to instability and deformation of many slopes and
the revival of fossil landslides. This remained problematic for a long time. For instance, the Bao-Cheng Railway, with a total length

of 669km, experienced 447 slope failures. Some high slope failures were only resolved after more than 30 years.

_ Highway and Railway Engineering Volume
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Fig 1.1 The Long-Hai Railway extension from Baoji to Tianshui is named the “caecum” of Chinese railw ay. A slide took place in
1963 at milestone K 1358 (left side in the figure). A high-speed landslide (right side) in 1981 had a far runout distance and blocked

the Weihe River. To avoid further slides, two railway bridges were built across the Weihe River as a diversion.
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B From the 1950s to 1970s, the Sichuan-Tibet Highway, Xinjiang-Tibet Highway and Tianshan Highway were constructed
successively. Due to economic constraints, the alignment standard of the highways was low, and road base excavations were
generally small-scale. The slopes along the highways were primarily natural slopes with little protection. relying mainly on
subsequent maintenance and repair to keep the roads clear, and were more failure prone. As a result, many road segments became

problematic due to frequent geological disasters, or damage by excavation (cut and fill).

{ 7R o4 K149 B

K149 section in Xinjiang-Tibet highway

B1.2 FATTEHRSL KRS GRS, §FEARIR. b5 ABEKERWE, (T4 45)
Fig 1.2 A section of the Xinjiang-Tibet Highway through the west Kunlun valley is often blocked by slope collapse, rock tall

and pavement erosion. (TONG Haigang)
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Fig 1.3 The Sichuan-Tibet Highway passed through a slope composed of crushed rocks in the Qranlong section. Larg cale

landslides were induced .(WANG Chuanren)
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B Since the 1960s, based upon the experience gained in the construction of the Baoji-( hengdu Railway in the mountainous
areas, railway construction in China has adopted the principle of “prevention over cure”, giving preference to schemes comprising
nore tunnels and bridges at the route planning stage to avoid too many high-rising With the adoption of the principles of

me saves nine” and “radical treatment once and for all”, various structures have been used to protect slopes: new
upport structures such as slope stabilizing piles and anchored retaining walls, and comprehensive protection measures such as

1les combined with retaining walls, piles combined with tunnels and pile combined with plates

Bl4 £(R)M(TR)RERRERIAEARR
BERERW. RBRBHEARE L LIEKE, ik
RABE@A 4. 5m x 7.5m, FAAEL 47m,

Fig 1.4 A large-scale landslide took place at Zhaojiatang,
Xiang-Yu Railway, which was a typical deep slide in the

bedrock. Slope stabilizing piles and Antiskid retainine
C e ZIl an ;

walls were used to repair the slope. The piles have a maxi
mum cross section of 4.5 m S m, and 2 maximum

length of 47 m
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Fig 1.5 A massive fossil landslide took place on an unstable Fig 1.6 A huge scale deposit landslide took place near
slope at Lindi, Xi’an-Nanjing Railway. The slope was repaired Wulong Paper Workshop, Yu-Huai Railway. A tunnel was
by a combination of piles and plates. The slope stabilizing piles cut through the middle part of the landslide, and compre-
have a cross section of 3.5 m X 3.5 m, and a length of about hensive measures were taken to protect the slope, namely
21~30 m. Retaining plates were installed between the piles. slope stabilizing pile, erosion resistant retaining walls and

embankment protection buildings

W 20 48 Q04 A LA, o ] e /4 B TR VA A R A0 o)LL DB Ao, O o, B 5, A 1 e B R L1 21
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B, TR 2 i R 2 38 R 20 40 PP R S B — AR BA v R € B K TR 5 () R

M Since the 1990s, the construction of expressways in China has progressed at great speed and has gradually extended to mountain
ous areas. The construction standards are high and the road surfaces are wide. Although bridges and tunnels already account for over
30% in certain road sections, many high slopes have nevertheless been formed. Among these slopes, most are unstable. The highway

slope problem had become a major geological engineering issue for China by the latter half of the 20" century.

A7 ELRE SRR 5 A% AR P E AR, O T42:18 25K,

Fig 1.7 A landslide on expressway during construction, damaging protection structures already in place
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B Conventional slope protection often turns to engineering protection measures. In most cases, concreted or mortared retaining

walls, slope covers, face wall covers and grouting, or shotcrete and anchors are used in large stretches, resulting in an obtrusively

artificial look not in harmony with its surroundings.

BH1.8 JHROXMABYPRIRLREL, 5RABAFEMIDAE, (LE %)
Fig 1.8 This high-rising mortar rubble masonry work for slope protection appears particularly obtrusive against the backdrop

of its surroundings. (WANG Yuan)
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Fig 1.9 This large and obtrusive roadside pile and retaining structure look massive and oppressive. (ZHU ( ‘onggong)

_ Highw and Railway Engineering Volumy
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Fig 1.10 Shotcrete and anchor and shotcrete protection popular during the mid to late 1990s have caused relatively more

damage to the environment. Slopes surfaces lack life, easy to crack and peel,are of poor durability. (JIAO Chen)
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M Ever since the late 20" century, communication construction industries in China have carried out extensive and rigorous research
on the prevention of slope instability and slope disasters with outstanding results. The achievements include upholding the principle
of “geological considerations™ in the choice of routes, avoiding imperfect geologic sections. Secondly, integrated geotechnical inves
tigation and assessment of slopes are being enhanced, applying “proactive reinforcement”to potentially unstable slopes. Thirdly, the
height of excavation of road bases is being controlled, the number of high slopes and the height of slopes are being reduced. Lastly, the

integration of engineering protection and vegetation slope protection is favoured.

BL 11 F#D5aE 8T ik %A B0 5 B XA . A+ 55 B0 7 I Hist . T B 45
PRI CAER R R DY, (X E B)

Fig 1.11 Vertical separated roadbeds, and a road-bridge generally parallel to the river were exploited

to avoid failure of stable natural slopes by deep cutting on the expressw ay from Machangyuan, Qinghai

to Xining. (HAN Wenxian)
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Fig 1.12 Tunnel-roads were used
to avoid slope problems on the Ex-
press way from Chongqing to

Guizhou. (DENG Weidong)




