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Abstract 

As a major load-bearing engineering material, high-strength concrete is the inevitable 

trend of development. However, it has higher viscosity, hydration heat, and self 

shrinkage, which makes it difficult to pump and cast concrete and makes concrete prone 

to cracks in the process of curing. Therefore, how to overcome these drawbacks in 

high-strength concrete is the key in the technical development and application of 

high-strength concrete. This paper studies systematically the powder effect of 

cement-based binding materials, key technology of reducing self-shrinkage, self-curing 

technology and the preparation of powder-effect-based low-heat high-strength concrete. 

These technologies are used to prepare one or several kinds of self-curing, 

low-shrinkage, low hydration heat, and self-compacting high performance high-strength 

concrete to be applied in practical engineering. The following main conclusions are 

drawn from the research and application: 1.When the content of ultrafine powder ranges 

from 0 to 40%, the mixing of ultrafine powder can help improve the powder compaction 

of compound cementitious materials; 2.In the ternary system of fly ash (D50=3μm), 

silicon ash, and cement, silicon ash can help further reduce the porosity of the 

compacted bulk; 3.Reducing the initial packing porosity of the powder system can 

enhance the fluidity of the newly mixed cement paste and the packing density of the 

hardened cement paste; 4.Reducing cement can reduce the temperature rise caused by 

hydration in the concrete, and reducing the fineness of fly ash can significantly improve 

every performance of the concrete; 5.Preparing high-strength concrete with low heat 

Portland cement can reduce the adiabatic temperature rise of the concrete by 6-10℃; 

6.Using broken ice as a phase change material in high-strength large volume concrete 

can effectively reduce the concreting temperature of the concrete; 7.Using the imported 

water in the self-curing materials is an effective way to reduce self-desiccation in the 

hydration of cement and avoid great shrinkage and cracking of high-strength concrete in 

the early age; 8.In application, concrete can be “customized” in accordance with the 

requirements of the designer and the constructor and the features of various important or 

difficult projects. 
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1 

Chapter 1: Introduction 

This chapter serves as an introduction to the study of high strength concrete which 

possesses special characteristics such as self-curing, self-compacting, low-hydration 

heat and so on. The definition and nature of HPC are initially given in brief. This is 

followed by a section explaining some of the practical engineering problems posed by 

HPC as encountered by engineers in the field. Although considerable efforts have been 

made over several decades to investigate and develop HPC, there seemed to be little 

work on the use of composite binder in HPC for high rise buildings. A section dealing 

specifically with this type of concrete is given in brief. Finally a section on the aims of 

the project is given at the end of the chapter, explaining briefly the aspects of HPC that 

are investigated in this thesis. 

 

A more detailed review of previous work on the performance of HPC is given in 

Chapter 2 and the objectives and project methodology described in this thesis are fully 

explained in Chapter 3. 

 

The concrete was developing to have low shrinkage ability, low hydration heat and 

high cracks resistance. The design and development of this type of concrete requires 

special consideration in many aspects from selection of raw materials, design criteria, 

material characterization, engineering properties of fresh and hardened concrete and 

finally the application in high rise building. 
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