~.

~ *-". = . \:"“ _‘ e - L o
By MA Honggqi, ZHOU Yu, H.
. o vt et e
S

& ~ N P
S o iy
- x

<

@ *@*ﬂ#ﬁ*&—ﬂ

www.waterpub.com.cn



oh [ 7k F| 7k EB
T TEiET

(_EAR)

OHE BAF M F HE

0D TIRHRE LR
=" www.waterpub.com.cn



"8 & 2

AP E ST AR K T TR A TR R . 4 4L Think Deep 2
AT R T 2 ]2 BCHT 2R o R A A K R K R R TR BE TS PR 2 R
W R B ARG T R SR T R T . K TRRIR R T . R
BT S T, SFIRDME T % . MR TR . b T . RS AR . MR R
M, IR E R AT T TR KB T 25 5 TRk

ABRESTEM . RGEE, TN ERFIK R T TARMR . Bit. T, WK
BHOBARNAN A, WATEZET . AR, Wik . B, 5 IS X T
TR B HAR N DA B 8 A5 BE AL (AR SE T A B %,

EBERSE (C 1 P) #iE

HREKFK M R R T/ Syt s gm s, —
oo PEUKFIKHE H AL, 2011, 1
ISBN 978-7-5084-8304-7

[. @F 1I. O . OKFITH: thFTHE—
TR T@K DA TRE: N TRE— TRET V.
D1V554

oh B RRAS B 5 TR CTP &l #% - (2011) 25001857 5

B 2| HPEKFKBHMTIEET (EH)
7E F | Sk FEF ORI % mE

HARA T | o EAKF K R EE

LAt Mg X EWE R E 15 D& 100038)
k. www. waterpub. com. cn

E — mail: sales@waterpub. com. cn

% . (010) 68367658 (E4Y .0

= |t BKEBaEbL (FEE

Hi%: (010) 88383994, 63202643

4= [E 45 HhOBT 16 A5 15 FAR 56 H IR 6 15 9 A
HE [ K A 7K HL H RR A SR HE R RO

hR
il | A S B T

M 1 | 184mm X 260mm 16 FFAC 65.5 EA3k (M) 1568 FF () 847l
K| 20114E1 A% 1R 201148 1 A4S 1 WERRI

# | 0001—2000

BOE I 198.00 ¢ (. FAbH

Mg RAALE H . do AR, BR, LAY, AEEHF O RTAR
RAERF - #BR@R



Summary

This book focuses on the new construction technologies that have
been developed for underground works of large-scale hydro-engineering
projects in China, including overall planning of underground spaces used
as innovative land resources to accommodate hydraulic facilities with the
socalled Think Deep concept, construction methodology of underground
power — house chambers, construction of shafts and inclined shafts, grou-
ting operations in underground openings, formwork construction of hy-
draulic tunnels, construction of pressured conduits, bulkhead construc-
tion, and adit construction, and so on. In addition, general descriptions
are given to geological investigation, monitoring during construction, re-
moval of cofferdams rock embankments, and ventilation of underground
works. Also there are two dedicated chapters to highlight the critical as-
pects of underground construction with unfavorable geological conditions
as well as construction equipments.

This book, with clearly defined concepts and self — contained integri-
ty, can be of use not only for the professionals engaged in underground
hydro engineering planning, design, construction, supervision and project
management, but also for those working on underground works in the sec-
tors of national defense, civil protection. urban subways, railroad trans-
port, mines and energy as well as teachers and students in higher learning

institutes.
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Preface 1
By Pan Jiazheng
Academician, Chinese Academy of Science and Chinese

Academy of Engineering
June 13,2010 in Beijing

Underground engineering lies in the overlap between civil and geotechnical engineer-
ing. It has found extensive applications in the sectors of architecture, transport, defense
works and so on, which are all closely related to the well-being of the people. Chinese peo-
ple started to construct underground works from ancient times, with amazingly sophisti-
cated underground remnants left over here and there. In the last three decades, driven by
the demand for accelerating economic development, China has erected in place numerous
gigantic underground works, especially those operating as parts of hydro projects. Exam-
ples are many, including tens of miles of a single diversion tunnel, large-dimension flood
discharging tunnel, inverted siphons crossing rivers, titanic underground powerhouses
housing units with installed capécity up to 100 MW, as well as various types of shafts and
inclined shafts. Concomitantly, rapid development has also been seen in theories of de-
sign, technologies of construction, and experimental research, which are now evaluated to
be at the international level. Although a number of thematic books have been published on
these new developments, dedicated books focusing on construction technologies are still
rarely found, hence this voluminous book titled Construction of Underground Hydro
Works in China, expected to fill the voids, is of particular significance and deserves great
attention from the professional society.

The authors, led by Mr Ma Hongqi who is an Academician of the Chinese Academy
of Engineering , are all experts engaged in underground works construction. All the mem-
bers of the Editing Committee for this book are colleagues working with the Sinohydro En-
gineering Bureau No. 14, a specialized engineering corporation established 55 years ago for
hydropower development in Yunnan. From its birth it has ever majored in underground
engineering construction and undertaken construction of the following world-renowned hy-
dropower projects: Yili River Cascades, Lubuge, Guangzhou and Tianhuangping Pump
Storage, Three Gorges Project, Xiaolangdi, Longtan, Xiluodu, Xiaowan, Ruzhadu and
Goupitan. Its operations have invoived the engineering of water conveyance, flood dis-

charge, underground powerhouse, and dams of various types and covered the sectors of



water conservancy, hydropower, highway, high-speed railroad, subway, environment
protection, and nuclear power. Geological distribution of its operations outside China cov-
ers Africa, East Europe, South Asia and Latin America. Altogether, they have contribu-
ted to more than 400 projects, many of which are recognized with excellent engineering
awards, including the top-class ones, demonstrating their unrivalled strength in under-
ground engineering and hydro-project construction. Taking the Guangzhou Pump Storage
Station and the Three Gorges projects that I have physically been involved in as example,
their underground works were implemented by this Bureau with the grade of construction
quality described as nearly‘perfect’. Reasons to explain its excellent work quality that has
ever been achieved for each of its undertakings are: 1) very high sense of responsibility and
earnest attitude towards the work undertaken, especially well organizing themselves to
tackle the most critical challenges; and 2) giving top priority to construction quality and
innovative solutions to construction challenges. This book contains a sum-up of their expe-
riences and know-how in these aspects.

Direct answers to specific problems can be identified in the chapters of this book. For
example, the chapter Summery of Studies on the Underground Chambers Construction
Technologies for Longtan Hydropower Project provides information on solutions to ration-
al supporting of underground chambers; in the chapter Study on Ventilation Technology
for Underground Chambers, one can perceive the direction toward energy conservation and
emission reduction as well as improving jobsite environment; while the chapter of Con-
struction Technology for Underground Works in Intensive Karst Areas and its Application
demonstrates the fact that this very worldwide challenge has been successfully addressed in
China. In other chapters and sections of this book, the readers are exposed with the previ-
ously proprietary and state-of-the-art techniques that they have been applying in under-
ground works construction, including geological modeling and analysis, and computer-
based simulation tool for dynamic management,

However, there will be no end to scientific explorations and technological innovation.
The underground engineering technologies keep on progressing, and the publication of this
book will serve as an impetus fueling further development of underground engineering
technology in China.

I would like to conclude this page of preface with the words I mentioned on March 5,
2009 when I physically conducted quality inspection on the underground powerhouse of the
Xiluodu Hydropower Project. It said‘the underground powerhouse is excavated so perfect-

ly that it can be hailed as the top-class model of similar structures in China’.



