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~ ABOUT THE AUTHOR

Prof. Zhu Bofang is a famous scientist of hydraulic
structures and solid mechanics in China. He was born
in October, 1928 in Yujiang county, Jiangxi Province.
In 1951, Prof. Zhu graduated in civil engineering
from Shanghai Jiaotong University, and then parti-
cipated in the work of harnessing the Huai He Ri-
ver, heing responsible for the design of two multiple-
arch dams and one arch dam, which was the first.
one of its kind in China. In 1958, he was transferred.
to the Beijing Institute of Water Conservancy and
Hydroelectric Power Research, where he was enga-
ged in the research work of high concrete dams. He
is now a senior engineer of the Institute and Profe-
ssor of the Tiangin Universityand the North China
College of water Conservancy and Hydroelectric Power.

Prof. Zhu has been working on temperature stres-
ses in mass concrete since 1956. He wrote a series.
of important papers in this topic, putting forward
formulas for calculating the temperature stresses in
beams on elastic foundation, in docks and locks, in
concrete blocks of single lift or multiple lifts, around.
openings,~'and in tunnel lining. He has also worked
out method for calculating temperature stresses in
mass concrete caused by cold wave, method for dete-.
rmining water temperature in reservoir, and method.



. “for computing the effect of pipe cooling in mass con-

" ~crete with heat resources. Many of his formulas and
~«calculation methods have found popular use in the
*design of hydro projects. Some have been adopted in
“the Chinese design specification for dams and also
-recognized abroad.

For many years Prof. Zhu has also been working
~on the theory of viscoelasticity and creep of concrete
-and has made striking contribution. As early as 1960
he proposed a new idea of determining rock pressure
in tunnelling, regarding the rock mass as a continu-
‘um and taking account of the initial stress, creep,
<and time lag hetween blasting and lining. Similar
idea came out abroad four years later.

During Cultural Revolution, Prof. Zhu was transf-
erred to Sanmenxia, Henan Province, where he, de-
‘spite the hardships, worked out a series of finite ele-
-ment programmes applied to solving the practical
‘problems in many hydro projects.

Prof. Zhu has been paying great attention to the
coptimum design of dams during recent years. He has
proposed the rational matematical models for qgpti-
mum design of arch dams and a series of effective
methods of solution, which have been successfully
_applied to several practical projects, resulting in twen-
'ty percent economy of dam volume.

From 1976-1984 he published three books: ‘Ther-
mal Stress and Temperature Control of Concrete
Hydraulic Structures, 1976’ (with co-authors Wang
Tongshen, Ding Baoying, and Guo Zhizhang); ‘Prin-



“ciples and Applications of Finite Element Method,
1979’; “Principles and Applications of Optimum De-
sign of Structures, 1984’ (with co-authors Li Zhanmei
and Zhang Bicheng). He was awarded the National
Prize of Natural Science in 1982 for his excellent re--
search Work in temperature stress of hydraulic con-
crete, and the Major Scientific Prize of the Ministry-
of water Resources and Electric Power in 1984 for:
his prominent research work in optimum design of
arch dams.

Prof. Zhu is an academic member of the Consultan-
ce Center of Science and Technology of the Chinese-
Society of Hydraulic Engineers, the vice chairman
of the Computer Science Committee of the Chinese-
society of the Hydroelectric Power Engineering, He-
is also a member of the Hydraulic Structure Commit-
tee of the Cinese Society of Hydraulic Engineers, a.
member of the Computer Science Committee of the:
Chinese }Society of Civil Engineering, a member of
the standing editorial board of the Journal of‘Engin--
eering Mechanics’, and a member of the editorial
board of the Journal of ‘Computational Structural
Mechanics and Applications, and that of the Journal
of “optimization of Capital Construction”



F¥

teH A

LRI TR R JJeereeeeeserseermmioninneniiananitnieinsiooens t
AREE b B3 K BRI E R FJ e oo erevesronsmreesranenessananens 14
U B TR BERTBR v vrereereermm e e 30
T A AR+ BTG T T e evvere eermerssneesssseins 48
TR EITETL ORI B I B R S eeeerrerecrennsnianniinnn 67
| = W [l - R R P PP R PSPPIV R PR LTPEPRY PRI PEELE LD 7T
5 PR B TR K TR o A B R 00 A M R 02
KAEBIRE L RERBEE IR oo, 102
SERIE AT R BRI S W oo 11T
FRAH R AT TR S SR e 131
BN T TR ST RMIIBIET) wwoveeerernes 142
RSB, BB RABREL e eeenres 161
EXTFIRE LIS BIILATIEL oo 173
REELEMBRENATIBE XML o 182

FR R IR AR B S TR UG eveveneeieeneenee 193
W 1% 30 T B % — ORGP A TR IR PR B I o BT Y

%ﬁﬁﬁ&ﬂ%ﬁﬁg& ....................................... 201
*ﬁ§$ﬁﬁh§% ( _:hlgj(ﬁﬂ;ﬁﬁ ) .............................. 211
BWF DL IR HEAKTLIE I BIZREETE rvvererersrerreeninnninn 219
HAE MU — BB BITEHE -ovveeeereremrerrrrmrer i 233.
&fﬁj:iybk"é“?éiﬁ’ﬁ%mﬁﬁﬂﬁﬁﬁ ........................ 248
XS(HH}}'E@}E@{}[}H’J ................................................... 265.

S P B o B JLA T v veseommnssren e 281



.Eéﬁﬁﬁfﬁ&ﬁmgmrﬁﬁld sereeeseees e 303

MU B R B - wweeee313
éﬁ:*@?ﬁfhﬁ&ﬂ‘mﬁ}%%& .................................... 324
A AL BT A — N R R oo 332
B K0 S T U SR B MBI <o eveevseeeeeee 344
Ho P2 S8 BB 22 SR SRR R S ooeeereeee e 355
Xj‘ﬁgﬁﬁj]iﬂﬁgiz“gfiym ....................................... 358
FLHIA RIS AR E P e vrrrs e 367
R VR PR L IR ST oveeeeeeee 389



CONTENTS

Preface
About the Author
Temperature Stresses in Beams on Elastic Foun-

UALIONS sesververriencsocsssroncastoncsscssssans setenneisatanees (13)
Temperature Stresses in Docks and Sluices on

SOft FOUNAALIONS ++rrevreecmnearosasimcrssrsssecsannscones (29)
‘On the Temperature Loading of Arch Dams -..-.. (46)
Thermal Stresses in Gravity Dams and Massive

Concrete BlOCKS cceseerrriinniiiiinierinnneiieciieeiecnanens (66)
Simple Harmonic Temperature Stresses around

a Circular Hole in an Infinite Domain:........ (76)
Prediction of Water Temperature in Reservoirs

..................................................................... (91)

Effect of Pipe Cooling in Mass Concrete With
Internal Source Of Heat <cccecsescrencsrricsacnsnansns (100)
‘The Design of Superficial Thermal Insulation of
MAaSS CONCTELE v-ccvevereteiemeenroianrcscnassasanes sonsan (116)
‘Temperature Deformations of the Foundation and
their Influence on the Stresses in the Super-

Stresses and Deformations in the Nonhomo Gene-
ous Visco-Elastic Media under Mixed Boundary
CONAITIONS -ccescrrrcescressetsscnceasrnsrssensrresnsssasassse ( 141 )
Rock Pressure on the Underground Structure in
Visco-elastic Media............, .......................... (160)



Modulus of Elasticity, Specific Creep and Coeffi-

cient of Stress Relaxation of Concrete «..---.- (171 )
Some Problems in the Theory of Creep in Con-
CTEE@ eeerreerrreeeierntsiriensessosanssascassconsannsns freesssee ( 181 )

An Implicit Method for the Stress Analysis of
Concrete Structures Considering the Effect of

8 L1 T RRACIILLILILY (192 )
Substructure Method for Stress Analysis of Non-
homogeneous Elasto-Creeping Solids::--+eee-erees (200)

Method of Equivalent Modulus and Method of
Equivalent Temperature for Analyzing Stresses
in Matured Concrete and Other Viscoelastic
Bodies due to Harmonic Variation of Tempe-

TALUrES severrverenrannreriattconiossssiscrnnssoracinsasassencns ( 210 );
Viscoelastic Beam on a Viscoelastic Foundation
.................................................................. (218 )

The Analysis of the Effect of Draining Holes in
the Seepage Field by Means of Hybrid Ele-

1yzing Arch Dams. . eesereeeserseesescrssinennneninsene ( 247 }
Finite Element Analysis of the Effect of Pipe

Cooling in Concrete Dams «--e--oeeeemeaenees S (263)
Optimization of Double-Curvature Arch Dams --- ( 280 )
Some Problems in the Optimum Design of Double-

Curvature Arch DamsS:-:: cccereonceiicenieiniiiiiiinnes ( 302 )
Method of Floating Stress Exponent for the Ful-

ly Stressed Design of Complex Structures...... (312)
Fully Stressed Design of Arch Dams:s«-seeeeveee (323)

Relaxation Exponent of Fully-Stressed Design --- ( 331 )



Two Theorems and a New Method of Solution

for Structural Optimization ...cccceeeeeemneieeeenes (1343 )
Effect of Pore Pressure on the Stress Distribution
in a Nonhomogeneous Gravity Dameececerseeere. (354)

Dynamic Response of Structures due to Phase
Difference of the Displacement of the Earth’s

Surface in an Earthquake......cccceonoinnienn (357)
Appraisal of Hollow Gravity Dam-....-ccccooeeeees (1366 )
Elastic Stability of Buttress Dams -----cceoeeeceeee. (388)

Creep Analysis of Reinforced Concrete and Pre-
stressed Concrete Members ««ceveereesaievsnsienennns (1405 )



o ERPRIREE R )

® %
AXRBEMPRES NS HATE. BMELMEN LM
NEAHHAURERSHARR, HRRTE, HELL BR,

m T

EHPRTRE LB RANG -GN, ERRLES, 55
PAGHUTHNGE, RYEMBOR T A BESERERS, B
B AIBHE — AR B I, A — AR B 9
*.

AEM AR IS TR TURM TR, AR M LG
W, EMTRERAKL, EMEEGYIR—AEERE,
RN, A FIN R EME LW RER .,

BRPRMBIER QA LR WARE AR, QER
HRBOWBERBAPEROEY: AR LR REER
BEEMART AR, BN RA R A BINEA RS
R R 1.

- RMWBEED

BH—ERRmE 1, RRENL RREERE YA
Aly, RETRAERREOMBOREED,

[E@ydy=o (1)

® EBCHENTUESE 3, MSzhiMat,



