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! [PREFACE
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Along with the rapid development of national infrastructure construction, the re-
quirements are increasing to explore and apply large and complex reinforced concrete
structures in various fields of civil and hydraulic engineering. To ensure the reliability
serviceability and economical efficiency of built concrete structures, the similitude
model tests of reinforced concrete structures have been widely applied. By the supports
of Henan Provincial Science Fund for Outstanding Youth (No. 04120002300) and In-
novation Talents Cultivating Engineering in Universities of Henan Province ( Yu Educa-
tion [2004] 294), and combined with the structural similitude model test of reinforced
concrete aqueduct with multi-longitudinal beams for the Middle-line of South-to-North
Water Transfer Project, authors of this book conducted the study on similitude model
test theory, key technology and optimization design method of reinforced concrete
structures. Now, the main results are collected in this book to be published.

Chapter 1 explains the basic concept and function of structural similitude model
test, introduces the domestic and overseas=state of art of test methods for similitude
model of concrete structures, and states the basics of similitude model test of concrete
structures in aspects of basic concepts of similitude, principle of similitude, dimen-
sional analysis, model design of statistic similitude structure and similitude require-
ments of reinforced concrete structural model.

Chapter 2 states and clearly defines the principle of classified statistical analysis for
cracks of reinforced concrete beams according to their genetic mechanisms, extension
characteristics and variations, and determines the form characteristics and connotation
of crack checked in structural design on the basis of classified statistical analysis for
cracks in aspects of distribution numbers, mean space, mean width and maximum
width. Comparing the formulas specified in current design codes and combining the ex-
perimental results, it suggests the method for calculating effective tensile depth of
cracked section considering the parameters of reinforcement diameter and space, and

gives the formulas for mean crack space affected by coupling of sectional depth and ef-



fective reinforcement index, for crack width at any position within tensile zone of side
surface, and for crack extension length corresponding to stable space of main cracks.
These works form the integrated calculation system of crack width.

Chapter 3 builds the method for calculating similitude ratio of sectional cracking
moment of reinforced concrete beams and the formula for calculating plasticity coeffi-
cient of section modulus considering such factors as sectional depth, concrete cover and
reinforcement ratio. It also proposes the formula for calculating similitude ratios of
mean crack space and maximum crack width of reinforced concrete beams. The works
provide the theoretical basis and computation method for back-analysis of the model test
results of reinforced concrete structures.

Chapter 4 introduces the design and fabrication of similitude model, test upload
and measure program, key technological resgarches and main test results depending on
the structural design and similitude model test studies of reinforced concrete aqueduct
with multi-longitudinal beams for South-to-North Water Transfer Project.

Chapter 5 comparatively analyzes the mechanical behaviors of proto and model of
reinforced concrete aqueduct with multi-longitudinal beams, and evaluates the rational-
ity of upload method of model test according to the effects of self-weight of aqueduct
simulated by surface load, transverse water pressure simulated by equivalent concen-
trated load or trapezoid distribution load on the deformation and concrete stress of aque-
duct., Depending on the similarity ratios of similitude model to proto in elastic and plas-
toelastic stages, it back-analyzes the loading behaviors of similitude model to the proto
of the reinforced concrete agueduct with multi-longitudinal beams, and checks the rea-
sonability of model test by comparing the back-analyses results with the FEM results of
proto aqueduct. These works prove that the back-analyzed results can properly express
the normal service state of proto aqueduct.

Chapter 6 deduces the theoretical formula relating the nominal tensile stress to the
maximum crack width, and proposes the simplified practical formulas for the nominal
tensile stress by statistical and reliability analysis of test data, which provides the
routes for rapidly selecting dimension and conveniently controlling crack width of large
and complex reinforced concrete structures. By means of 3D finite element parameter-
ized model, it brings out the optimal sectional dimensions and arrangement of main
loading members of aqueduct aiming at minimum self-weight by the optimization
scheme, in which the stresses of sidewall and floor are controlled by the sectional
crack-resisting, the distances of horizontal and longitudinal beams are adjusted by the
coordination of structural deformation and the stresses at mid-span bottom of horizontal

and longitudinal beams are restrained by the nominal tensile stress. Meanwhile, it ar-



ranges the reinforcements of the optimized aqueduct according to the internal force by
3D beam-shell finite element numerical model. These works show that the optimal aq-
ueduct has advantages of light weight, reasonable stiffness distribution, coordinated
deformation and economical reinforcements comparing with the design of proto one.

The authors of this book are Prof. Shunbo ZHAQ, Dr Junfeng GUAN and A/
Prof. Xiaocke LI at North China Institute of Water Conservancy and Hydroelectric
Power, Zhengzhou, China. They would like to say thanks for participating in aque-
duct simulation model test to Prof. » Prof. Shuyao LI, Senior Engi-
neer Zhiyuan HU, A/Prof. Ping ZHAO, A/Prof. Wenyi CHEN, Prof. Yu
ZHAQ, Prof. lLin QlU and Prof. Fenglan LI at North China Institute of Water Con-
servancy and Hydroelectric Power, Zhengzhou, China; and Ms., Zhengin YAO, Mr,
Xianfu TANG and Mr. Guangwei FENG at Henan Provincial Design and Research
Limited Company of Water Conservancy and Hydroelectric Power, China. They also
express sincerely thanks to Prof. Chengkui HUANG at Dalian University of Technolo-
gy for his kindly advices, and to Master postgraduates Limei ZHANG., Xuepeng
ZHANG and Xiaotian CHENG for their participating in relational tests. Thanks very
much.

The authors would like to thank all of the readers for pointing out mistakes of this

book.

Shunbo ZHAO, Junfeng GUAN and Xiaoke LI
July, 2011 in Zhengzhou
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