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Preface

In 1992, the National Natural Science Foundation Committee issued a guide for ap-
plication to 1993 National Natural Science Foundation, where a key project for the eighth
five-year plan, titled “Research on Structure and Mechanical Performances of Super-high
Strength Concrete” was listed, and a study on 90 ~ 100 MPa of Super-high strength con-
crete was required. The Foundation Committee, Ministry of Railway, Ministry of Con-
struction and the National Bureau of Building Materials sponsored jointly this project with
total fund of RMB 1. 1 million. The author (the affiliation at that time was Chongging
Jianzhu University) had applied to this project, then took part in the project defend. Fi-
nally, Tsinhua University (leading institution) , the Research Institute of Railway, China
Research Institute of Building Materials and Chongging Jianzhu University had won jointly
this project. This project has been divided into several parts and the author was in charge
of the part to study the highest strength of concrete (90 ~110 MPa) with expense of RMB
0.2 million. One year later, this project was renamed as “Research on Structure and Me-
chanical Performances of High Strength and High Performance Concrete” (59338120). In
1999, the author had won the project of doctorate program fund from Ministry of Education
with total expenses of RMB 40,000. Under the support from these two projects, the author
and his colleague with great efforts succeeded in producing 90 ~ 150 MPa super-high
strength high performance concrete. Their research work covered different aspects of the
super-high strength high performance concrete and some success and important progress
are gained. This monograph is based on the results of these two projects and review of re-
lated literature data.

In this monograph the close relationship between modern concrete and modern civil
engineering is described in brief; the main direction of further development of concrete
science and technology, that is to pursue high strength and super-high strength as well as
durability and super-durability, is expounded; the preparation and principle of super-high
strength high performance concrete are elaborated; the composition and strength perform-
ance of calcium silicate hydrates are described in detail, then the effect of pozzolanic reac-
tion of active mineral additive on the strength and composition improvement of calcium sili-
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cate hydrates and other effects of active mineral additives are elaborated; a new method of
specific strength analysis for pozzolanic effect of active mineral additive is presented, the
strength composition of super-high strength high performance concrete is analyzed with ex-
amples; then the method for preparation of super-high strength high performance concrete
with ordinary materials and normal technology is discussed, the influence of raw materials
and mix proportion parameters on the strength and flowability of super-high strength high
performance concrete is expounded. In order to help the readers to understand the super-
high strength high performance concrete deeply from the structural level, in this mono-
graph, the composition characteristics of hydrates of super-high strength high performance
concrete, their excellent pore structure, perfect interface structure and homogeneous mac-
ro structure are described in detail. The strength and deformation performances of super-
high strength high performance concrete are the basic properties for their application, in
this monograph, the relationship between compressive strength of super-high strength high
performance concrete and its splitting strength, flexural strength, axial compressive
strength , ultimate deformation and deformation modulus is discussed and the corresponding
regression formula is presented; the character of stress-strain curve of super-high strength
high performance concrete is demonstrated, which shows the high brittleness of such con-
crete. Shrinkage is the basic property of the concrete and the self-shrinkage of the super-
high strength high performance concrete with low water cement ratio increases significantly
due to internal self-drying caused by the hydration of the cement, leading to increase of
possible shrinkage cracking, which is not an unsolvable problem. In this monograph, it is
described that the shrinkage of super-high strength high performance concrete can be de-
creased in great degree by in time and good water curing, addition of expanding agent and
shrinkage reducing agent. The author discussed the excellent durability of the super-high
strength high performance concrete with its durability indexes, then these indexes are com-
pared with those of ordinary and high strength concretes. The author suggests that the ex-
perimental methods based on ordinary concretes are not adapted to the experiments for su-
per-high strength high performance concrete, they should be improved or new experimental
methods should be setup according to the characteristics of super-high strength high per-
formance concrete. Finally, in this monograph the application of super-high strength high
performance concrete in practice and exploration for new use are introduced. The economi-
cal benefits from application of super-high strength high performance concrete are verified.
Due to the high brittleness of super-high strength high performance concrete, the author
presents an optimum way to use super-high strength high performance concrete, that is a
composite material with super high strength concrete confined by super high strength steel
.tube, in practice, a steel tube super-high strength concrete with the strength of 164.9
2



MPa has been produced, which has excellent deformation performance and quite high
bearing capacity, a kilometer super-high building could be built with such material.
Therefore, the author called such material as kilometer compressive material. The bright
future for application of super-high strength high performance concrete and kilometer com-
pressive material is discussed.

There is a little has been done in the research of super-high strength high performance
concrete in the world, in China, in general, our research work is just a start, there are
many problems not studied deeply both at home and abroad, especially there is lack of the
study on their application in structural engineering. The author hopes that more scientific
and technical personnel are involved in this field of research to promote deeper under-
standing of super-high strength high performance concrete and its wide spreading in engi-
neering.

Involved in these two projects are: Prof. Yan Wunan, Associate Prof. Li Liren and
the pupils of the author: Prof. Wang Zhijun (post doctor), Lecturer Wang Cong ( Doc-
tor) , Wang Yongwei (doctor), Wan Chaojun (doctor), Prof. Tan Kefeng ( doctor) ;
participants of the experimental works are: Engineer Bai Guang, Engineer Pu Huaijing,
laboratory technician He Gui. The author highly appreciates and acknowledges the collab-
orators for their hard work and success in the research work. The special acknowledgement
is given of Prof. Chen Jianxiong, research fellow Lan Hai for offering references in Japa-
nese and German, and Engineer Zhao Jun, from Beijing representative of Eken Co. , Nor-
way for valuable information Thanks from the author are also given to Wang Cong and

Wang Yong for pictures and editorial work in computer of the monograph.

Pu Xincheng
Nov, 2004
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