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Fig. 2 Effect of water-cement ratio on fracture stress and fracture energy of (a)single particle (b)double particle
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A Preliminary Analysis of Concrete Performance Control Methods

SUN Xiangrui

(School of Civil Engineering,Dalian University of Technology,Dalian 116000, China)

Abstract; This paper systematically discusses the dynamic interplay among multiple performance objec-
tives—including workability, strength, durability, volume stability, economy, and environmental friendli-
ness in modern concrete performance regulation,and proposes the performance-balance regulation theory as
a scientific framework for resolving the core contradictions. Using a three-level model integrating composi-
tion, process,and structure, the performance evolution of concrete materials across multiple scales is re-
vealed. At the composition level, the coupling regulation of microstructure and macroscopic performance
was achieved through precise control of the water-cement ratio and optimization of multiple cementitious
systems; At the process level.the materialization of performance targets is ensured through multi-objective
decision-making of mix proportions.intelligent construction control,and full cycle maintenance strategies;
At the structural level,key mechanisms of performance degradation can be addressed by strengthening the
interface transition zone and optimizing the pore structure. Based on typical engineering cases,it is demon-
strated that the essence of high-performance concrete is a dynamic equilibrium solution under specific engi-
neering requirements: “Dynamic” refers to the different requirements for concrete performance in different
engineering scenarios; The ‘balanced solution” refers to finding the optimal balance point between the mu-
tually constrained performance dimensions, so that the concrete material can meet the main performance
requirements while making necessary compromises on the secondary performance,thereby achieving the u-
nity of safety and economy throughout the entire life cycle of the structure.

Keywords: Concrete; performance control; composition design;structural optimization;process control
DOI:10. 48014/ems. 20251112001

Citation: SUN Xiangrui. A preliminary analysis of concrete performance control methods[]]. Engineering

Materials and Structures 2025,4(3) :82-91.

Copyright © 2025 by author(s) and Science Footprint Press Co. , Limited. This article is open accessed
under the CC-BY License (http://creativecommons. org/licenses/by/4.0/).



