Seepage of Dikes & Scour Defence.

ERE B#E

@ TR HBO ARG A2

www.waterpub.com.cn






Seepage of Dikes & Scour Defence
R MBS

£k BHEE LR %

qD T HECERL

www.waterpub.com.cn



n 2B EER

AHRFRILGRE B R h BB B R L R A LT H S, B —MER L5 LK
BRSBTS R R T E . NAGELER RO B BHT R
WA AMB BN, IS E 375 55 B IAE, SRR RO, RE R 2
IR LA BRBINE TR EFMTFR 30 /M. HLTTRERN LRNER B EL
MBPRE TR TR ERFRKELMEEAERTHRITITENGRER, TN RBRRE. B
HRR OB AR TEERSETHEESS,

BBERS B Cc1p) ¥

SRE SRS Bw/BRBE %, —Jb5. FE AR K e R, 2003
ISBN 7-5084-1642-2

I e 1. Fer I.ORB-BREMOBR-B WK N.TVS71

o E A< B 518 CIP BB £ (2003) %5 066684 2

B 2 | RBER S

fE T | BHE BRE¥EE EMFS

HRVRIT | PEAKMGKEERD LR = EmME 6 2 100044)
Pk . www. waterpub. com. cn

E-mail; sales@waterpub. com. cn

BiE: (010) 63202266 (ML), 68331835 (E&eh.0v)
g & | SEEMBES ML LIRSS &

B W HEARKEEIR

Bl | SRR AR A

B | 787mmX1092mm 16 FFA 33 EIH 767 FF

2 2003 4 9 AE—HR 2003 4F 9 AL —kENR)

#] | 00013100 ft

1 | 75.00 5C

AESFso
X

M FEEALBE, wAET, BT, LA, Aidddechtinm
EALEA - WAL



(AT R RETH) 1 AR L%

(&EFXEDPHAL)

THER (FRAAHZEFER
BHE @FHEAMNHERATE
EWEE  (FEAAHEHRR
FEM  (KIHER

=BE (KIHFEK)

EAN  (FEAAAHZHLR
BRER  (mA AR ETFRED



F (=

FEHIKKERPEFRTFRX, BRILAMNSEG TERPEBHKHTIETE
. R R TR, KARES ‘ERERTEES” $H3TT “REBRS
Birk” @9, HBERUKFBEFRR LR, HERIIPER . RIEKMB RSN
R RRH#THR. ZREFRTUKTELRILANAHEESS () FEREIG
WEBER, #T7THERTE., RRKE, FERHBRER, BrhMAEREESTER
HTHRETEMEETR., ZRERIMEEH A “WRERTEE” REHNHFRER
CHmBNAE CRBHBRSHW) —3B.

RITHEEE B HRE S PERBEBR ST EROBRAFRERAEM, R
BERy it HE. ELANFRAESEMNE.

AR RS E
2002 4% 12 H



F (O

Preface

In China dikes have been used to protect the land from the annual floods for many
centuries and in some places date back for more than 2,000 years. Since the creation of the
People’s Republic, these incomplete and often poorly maintained dikes have been strength-
ened and extended. At the same time, there has been rapid growth in the value of the as-
sets protected by the dikes and this demands much higher levels of protection. In the past,
a breach of a dike might have destroyed a low-value field crop and inundated houses and
public buildings. Now however, the property at risk includes modern factories, processing
plants, and high-value commercial real estate as well as potentially high crop losses. The
Chinese Government therefore gives very high priority to the water defences, especially
since the major floods in the Yangtze Basin in 1998.

The Government strategy for tackling the flood problem has evolved over the years.

Its main elements include;

-the construction of dikes and the protection of riverbanks against erosion,

-urban flood protection,

-the creation of flood retention areas to provide temporary storage for flood waters,
-the construction of dams across some rivers to reduce downstream flows, and

-improved drainage systems behind the dikes to mitigate flooding caused by rainfall.

The construction of a dike (levee) requires that it should be high enough to preclude
extreme flooding. For most rivers the difference between the height of a dike designed for
a 50-year flood and that of a dike to withstand a 1,000-year flood is relatively small and
the higher construction level is justified by the potential losses if the dike is overtopped.
Dikes are normally sited on the natural riverbank at some distance from the riverbed. A
common problem is seepage through the foundation material. This is known as “piping,”
and can lead to loss of material such that the bank and the dike collapse and are then over-
topped. This problem can usually be treated by adding material to the inside (land side)
face of the dike at the site where seepage appears, or by diminishing the seepage by placing
cut-off walls in the core of a dike. Bank erosion can cause the collapse of the bank and

threaten integrity of the dike. Usually, rock spurs/groynes are built to deflect the flow



away from the vulnerable section of riverbank or revetments (for example rock, concrete
blocks, mattresses) are placed to protect the bank. Dams too are subject to seepage, scour
and problems that give rise to the need for slope protection.

The modern design approach is characterized by first acquiring a thorough under-
standing of the problem and then making an appropriate choice from a number of suitable
alternatives/possible solutions. To tackle these problems efficiently both domestic and in-
ternational knowledge and techniques must be applied. This background illustrates why
need has arisen for a comprehensive book encompassing the fields of dike design, seepage
and scour problems to assist civil engineering researchers, designers and managers.

This book on ‘Seepage of Dikes and Scour Defence’ focuses on these problems and is
of great importance in the implementation of Government strategy on water defences in
China. It is the result of cooperation between the Nanjing Hydraulic Institute and the
Yangtze River and the Yellow River Institutes and other similar bodies/organisations, and
its publication was made possible by the support of the Chinese Ministry of Water Re-
sources.

The process of improving design techniques has been accelerated by the need to com-
bat a number of serious flood disasters in recent years all over the world. The aim of this
book is to provide the reader with an overview of the present state of the dike engineering.
It contains an inventory and evaluation of the recent literature and experience in this field.

Although great progress has been made in this field in recent years, our knowledge
and understanding of the complex nature of dike and bank processes is still limited. How-
ever the engineer can now use up-to-date equipment and advanced research techniques like
scale and prototype models and mathematical models to gain greater insight into the be-
haviour of these structures.

There is much similarity between the processes and design approaches to river bank
and dike (levee) protection. Most failure modes are common to both areas, although, the
consequences may be quite different. The failure of a dike may lead to inundation of the
land behind it, while this does not usually occur in the case of bank erosion. However,
when it occurs close to the dikes, bank erosion may also induce/initiate dike failure. For
this reason this book is of value to those operating in both fields.

The breadth and scope of the material covered is extensive. Among the subjects in-
cluded in this book, such specific items as hydraulic loading, failure modes of dikes and
banks, seepage, scour, the calculation of dike height and cross-sections, the stability of
various types of revetments and alternative systems, and many other design considerations
are treated. The part which refers to the seepage problems is partly based on the previous
book “Numerical Computation in Seepage Flow and Programs Application (1999)”, but

has been upgraded and extended to cover new techniques, especially with reference to the



use of suspension-type cut-off walls under dikes (levees). Because the civil engineering
branch is not yet fully acquainted with the possibilities of geosynthetics, especially in the
field of dike and foundation reinforcement, filters, alternative revetments (geo-
mattresses), and of construction elements (geotubes and geocontainers), the treatment of
these new developments and applications is of particular value.

Like China, the Netherlands has a long history of coping with floods and has many
achievements in this field, so it will come as no surprise that recently published Dutch
books and technical reports are frequently cited/referred to and are included in the bibliog-
raphy in this book. As the language barrier is still the main obstacle to the dissemination
of foreign know-how to working practice (i. e. design offices) in China, this publication,
which includes a large number of research results and experiences from foreign countries,
is an important step towards improving this situation. However, to bridge the gap be-
tween China and the rest of the world it would also be useful to translate this book into
English, thus providing an opportunity for foreign colleagues to become acquainted with
Chinese approaches and research results. Close international cooperation is also important
because flood problems are common throughout the world and there are continuous devel-
opments in the fields of research, calculation methods and design standards. International
cooperation in this field is beneficial to all countries in their efforts towards the efficient
treatment of these common problems.

This book is intended for the use of both practising engineers and post-graduate stu-
dents and should give them better insight into the latest developmlents in the subject.
Hence, it must be considered a keystone for the engineer and to others who may be respon-
sible for the planning, design and assessment of measures for the protection and mainte-

nance of water defences.

Krystian W. Pilarczyk

Manager of Research and Development in Hydraulic Engineering
Road and Hydraulic Engineering Institute,

Dutch Public Works Department, Delft, the Netherlands

Sept. 2002



Editor’s Preface

Among the natural disasters, flood ranks the first both at home and abroad. China
has suffered flood since the ancient time. In history, there is a saying “If one wants to
govern the world in safety, he must first control flood”. So incorporating with the activity
of “International Disaster Mitigation for Ten Years” proposed by the United Nations, the
Ministry of Water Resources drafted a key topic of (Seepage Control and Scour Defense for
Dike ), which was be studied by Nanjing Hydraulic Research Institute with the cooperation
of Hydraulic Research Institute of the Yangtze River and Hydraulic Research Institute of
the Yellow River, in view of dike engineering relevant to flood control and disaster mitiga-
tion. Later on, a research topic of “Wave, Scour and Seepage Control of Sea Dike” was
supplemented with respect to more comprehensive study of dikes. Since 1994, investiga-
tion has been conducted for the national important rivers and ‘seas with the analysis and
summarization of existing problems. In view of these problems, relevant studies were car-
ried out with the association of practical situations. 30 reports about the research achieve-
ments were submitted in the past 8 years, which laid a foundation for the compilation of
{Manual of Dike Design) in the work plan of the research topic. Based on the wish of the
early exchange of research achievements in favorable to flood control and disaster mitiga-
tion, relevant papers are compiled into this book, i. e. (Seepage of Dikes and Scour De-
fense) for persons who are engaged in the river and sea dike works. However, it is a pity
that the ongoing study of “Model Tests of the Identification Method of ‘Innocuous Piping’
of Beijiang Dike” is not collected in this book.

The first four Chapters of this book are “Investigation with Analyses for River
dikes”, “Seepage Computation with Analysis and Design and Construction for River
Dikes”, “Case Study on Engineering Measures of River Dikes to be Strengthened and Dike
Breach Analysis” and “Analysis with Experiment for Scour and Anti-scour of Dikes and
River Banks” respectively. Chapter 5 is about the investigation with analysis, structural
types and stability of revetment blocks of sea dikes. Chapter 6 is the general report of re-
search topic “Seepage of Dikes and Scour Defense”. In addition, Previous research
achievements closely related to the topic, namely, (Synthetic Study for I.ocal Scour) and
English papers of related topics published in the last decade in view of dike seepage, scour
defense, wave protection, dumped riprap and local scour near hydraulic structures are col-
lected in this book as Appendix A and Appendix B separately for references in order to

provide more substantial contents and be beneficial to wide exchange.



Relevant contents of the recent Dutch famous book of (Dikes and Revetments) are in-
troduced in the specific chapters and sections of this book as well. Prof. Pilarczyk, famous
dike expert and Editor-in-chief of that book, is willing to write a preface for this book at
invitation. The editor would like to express deep gratitude to him.

Heartfelt thanks are expressed to the Construction and Management Department of
the Ministry of Water Resources and Nanjing Hydraulic ResearcH Institute for their recom-
mendation to write preface and financial support and to the Chihese Hydraulic and water
Power Press for the smooth publication of this book.

Due to the wide aspect involved and the research achievemerts of stages, viewpoint of
this book need to be further studied and verified by practical works in future. If readers

find mistakes in this book, pleasé do not be hesitated.

Mao Changxi
Dec. 2002
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