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Authors’ Statement

“Water works”is defined as all kinds of structures construc-
ted for the development, utilization,control, operation and pro-
tection of water resources in rivers, lakes, and oceans and under-
ground 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 1000km. All those constructed structures
have played an important role in the development of national econo-
my, greatly contributing to the progress of water civilization.

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
seriously 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 situations,

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
removing and reinforcement technology, including its develop-
ment history, current situation, technological foundation theory,
calculation 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

Since 1949, 80000 water works have been constructed. Of
those works, more than 30000 are at serious sick situation be-
cause of various reasons,accounting for 40% of total works.

There are about over 200 large scale sick reservoirs, 1600
medium scale reservoirs and about 33800 important small reser-
voirs. Like bombs, the sick reservoirs are seriously threatening
the safety of lives and properties of the people living in the down-
stream.

The Ministry of Water Resources has made two special plan-
nings in succession for the risk removing and reinforcement con-
struction of sick reservoirs since 1998. Nowadays, the construc-
tion for the projects in the first special planning has been basical-
ly completed. It is estimated that the completion of the first stage
construction equals to 540 new reservoirs with another 50 million
cubic metres of storage capacity, which could protect 140 million
Mu of farmland in the downstream and 160 million inhabitant,
increase 20 million Mu of irrigation area,and add 8 billion Yuan
of mean annual flood control benefit.

Following the foresaid construction, the construction for the
projects in the second special planning was commenced in
2004. Till the end of 2006, more than 500 risk removing and rein-
forcement projects have been implemented with an accumulated
fund invested up to 9. 2 billion Yuan.

The result of the assessment on the projects in the first spe-

cial planning indicates that the percentage of the large scale sick



reservoirs has been reduced from 42% in 1992 to 14% at pres-
ent,the percentage of the medium scale sick reservoirs has been
reduced from 41% to 25% ,and over 2000 large and medium scale
sick reservoirs are no longer at “warning status”by reinforcement
construction. However, we still have lots of work to do in achie-
ving the goal of reinforcement on large and medium scale,and im-
portant small reservoirs nationwide in 2 or 3 years.

The first difficulty of risk removing and reinforcement for
water works is the large quantity and the wide distribution. More
than ten thousands of sick reservoirs were founded in different
places in the whole country. The second difficulty is the complex-
ity of reinforcement technologies involved,including physical and
chemic, civil and military, temporary and permanent emergency
action, static and dynamic, ground and underground, high and
freezing temperature, etc. In summary, the “pathology” of sick
reservoirs is greatly varied and the “therapy” is quite differ-
ent. The third difficulty is that those completed works cannot
avoid deteriorating, and damages will be revealed accordingly
after 20~ 30 years,as most works are still in progress of develo-
ping. In other words, we still shoulder heavy responsibilities of
repairing sick works.

General Reinforcement Technologies for Structural Defects
of Water Works is the forth book of the Series of Safety and Dis-
aster Prevention for Water Works in China. It introduces ten
kinds of technologies for concrete structural defects repotted
from the Integrity Theory in civil construction field based on the
“Conceptional Reinforcement”view.

General Reinforcement Technologies for Structural Defects
was compiled through group discussions, separated work and

cooperation . It was written by Peng Maolin, Li Jinjun, Qu



Shuangju,Guo Yu, Dong Jianjun and Chen Yansheng, in which
Peng Maolin wrote the preface and chapters 1~5,Li Jinjun wrote
chapters 6~10,Qu Shuangju wrote chapters 11~13 and appen-
dix, while Guo Yu, Dong Jianjun and Chen Yansheng were in-
volved in writing of some chapters. Guo Yu, Dong Jianjun and
Chen Yansheng were planners of the series; Chen Yansheng was
the organizer of the series. The abstract,authors’statement, pref-
ace and contents list of this book was translated by Zhou Zhulin.

In the process of compiling the book, we cited and referred
to related information from Ministry of Water Resources, China
State Power Corporation, Ministry of Construction, China Asso-
ciation for Engineering Construction Standardization, Ministry of
Communication, and from Hubei, Fujian, Zhejiang, Guangdong,
Jiangsu, Hunan, Anhui, Jiangxi, Guangxi, Hebei, Henan, Beijing,
Tianjin, Sichuan,Chongqing, Liaoning, Xinjiang,etc. We sincerely
appreciate all those people who gave us great support on this
book.

Limited by the authors’knowledge,it might be some incor-

rectnesses. We welcome any corrections by readers.

Compilers
March 2007
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FE#1% (Existing Structure Member) : 8L RE I B AT BB 4.

B E % (Important Structure Member) : 38 5 B B & 308 & i 5% 18 K &
HEWERBETHENREHRL.

— B ¥ (General Structure Member) . {8 H B B L ¥ AW rHH , A&
WARBLWERBEETHENRENSE.

fin k& & 0 @ 3% ( Structure Member Strengthenting with R. C) . #§1¥ K
FHASmE ARG, LRSH AR IARE, e B RAEHN
—FEEMEE.

Sh %5 BY W 0 B 3% ( Structure Member Strengthening with Externally
Bonded Steel Frame) : ¥ X N7 1R + 2 KM BRI R NS R M 2R ¥ i
EM R, B R AR S , S R AR R B Iy 8k .

45 8 m A sk (Structure Member Strengthening with Externally
Bonded Reinforced Materials) : #@ it R A EHBREANERBBESYD
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45 2 hn B 3% (Compression Member Confined by Reinforcing wire) : #§ i@
o 9 4538 K AR 22 BN B 0 3 E IR B £ 2RI AR AE A AT 4R R R
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ShI T B2 7 B0 B 5% ( Structure Member Strengthening with Externally
Applied Prestressing) : #8 @I HE &k AL TRL 7 IR G5 IR B E
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18 %5 ( Bonded Rebars) . 1 1) % FH it 45 ¥ RG34 s 2 SR L 48
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LR A (Structrual Adhesives) : #8 Al TR EH B R EN . BK
BRZ LR PR S R O R, BT RR S MR .

4T HE 1058 8 & Hf (Fibre Reinforced Ploymer , {4 # FRP) . ¥R HI & iR B
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B/ 5w ¥ [Composite Mortar (Polymer Mortar) ], #§ B8 M HF A B
RHAMHAEXAEYABANBEREKXED R OHRRGODR. SSEKESEH
RAMESTERTAREREL S S WE 2R AR EE EREHE
ERGFASSRELNRES.

B W E T ER (Effective Cross-section Area) : 323N FLIA G H . &k
B RALESENE KRR sE0RE.

Jin B i& 3t 4 B % BR (Design Working Life for Strengthening of Existing
Structure or Its Member) 8N B R IT M E WS AFME B LT EH
TR e BT o HE B w9 6E A Bt a) .

B 7148 B (Prestressed Anchorage) : $6 %3 b 2 2 3% ) 2 3 % F B A
HREBHTNE, RSB SGEEGE AL ESBAY =B 3=
BB B ARG .

Fi M 71 85 & (Prestressed Anchor Cable) ; I5EBI R Z H A B B h B A #
T SR A 0 TR T AR

UL /1 ##F (Prestressed Anchor) : 48 1 By #F (& B oy Bt it B 4 {9 K 3 0
AL S ST .

48 (Anchor Bolt) . B &R AWM RN SR EEINBFRIS TEM LY
TR,

% & (Wire-wrapping) : i B X ML BB HNBEE A HE MK
FEW—MmMELF.

M4 b0 @& 3% (Strengthening Glass Fibre Reinforced Polymer) : #8 F 3%
BWARNHAY M RPIRBTS W/ MERB A —FHER.

0% 53 /R 8 t (Shotcrete) : EEMEBIM A NM . AHER BN,
KPR VHE A FSKKEEMN BT R EE 05 22 et AT
F—fmETRF. .

WS AR KR ¥ (Polymer Emulsion Modified Comentitous Water-
proofing Mortar) : 3§ B AZ R R EYWAB KM K KRB K.



WA W KR Bk # Bl ( Polymer Modified Cementitous Waterproofing
Materials) : 5 A& W) TR UK T8 48 0 E AR R 9 B KA B

B4 ke B 7k B & % 8 (Polymer Cement Waterproof Adhesive): 3§14
RADIBRREYBEIELBDRERAGYHBAKR N TEHBAR, B
THARZBRLEN FRA— PRI R .

B A ¥ 7k iR Bh 7k Rk # ( Polymer Modified Cementitous Waterproofing
Coating) : 3 LA R G LM A /K 98 2 FZ R, i A 3 b 4 b 78) 41 18 59 SUH
KB K ERB

615 &5 BB BY /K # 48 ( Penetrating and Crystalling Waterproofing Mate-
rials) F§ LK A BAEMER AL EZYRDBE L IR E ERETHEHIL
ERBNNBTIE RRE T KNS Gk, AT #ERE BB KR .

&4 % A (Durability of Structure) : 3 45 ¥4 7€ T # 15 FI #0 Bl & 19 4k 47
FUT REEMEHBAKBERIRITHEERNEES.

B (Deterioration) : ¥ B S A X R A YE ¥ SR AFEERT
EHMEHE SR G SR, X85 B8 8§k (Corrosion) ,

B hn B BE th#E 15 ( Additional Corrosion Prevention Measures) : #§ 75 2t 3%
BELELHMENEPFEEESFREEBRELE MWW AHNER AT
RBREG B EEENERAFRERENG RGHEERN BELRERE R
BIGBERZMARRIE,

R 8E4E A (Environmental Attack) .38 5] & G4 R B & L SR M Y
HERRENRE BERSHETEYESFEMTEH LOER.

%4 (Degradation) : 48 4§ FH BB W FEAR 1T 0 .

PR X (Severe Cold Region) : 8 F ¥ A PR BEF - 10°CHbIX .

4 i X (Cold Region) : 8B ¥ A FHSKEAE—10~—3CHHIX .,

B #0 it [X (Mild Region) : 8B ¥% A FHRBEH T —3THBE.,
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