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Table 1 Data feature description of the concrete materials original dataset

Feature

Detailed description

Cement mineral composition
Cement strength grade

Water content
Water-cement ratio
Water reducing agent dosage

Water reducing agent's water
Reduction rate

Aerating agent gas content
Air-entraining agent dosage
Crushed stone particle size
Crushed stone content

Natural sand types

Natural sand fineness modulus

Natural sand
Bulk density

Natural sand apparent density
Natural sand dosage

Natural sand clay content
Artificial sand type

Artificial sand fineness modulus
Artificial sand bulk density
Artificial sand powder content
Artificial sand usage

Artificial sand ratio

Fly ash composition

Fly ash class | content

Fly ash class Il content

Fly ash content

Slag composition

Slag content

Limestone powder composition

Limestone powder specific Surface

area
Limestone powder dosage
Silica fume composition

Silica fume specific surface area
Silica fume dosage

Porosity

Slump

The main mineral composition of cement consists of CaO, SiO,, Al,O3, MgO, and Fe;Os3, unit %

Cement strength grade refers to the compressive strength achieved after 28 d of curing. China's silicate cement is divided
into 4 grades and 8 types, with grades of 32.5, 42.5, 52.5, 62.5

Water usage, unit kg/m?
The ratio of water to cement mass in concrete

Dosage of water reducing agent, unit kg/m’
The ratio of water reduction after adding water reducing agent to water usage without water reducing agent, unit %

Air content in concrete after adding air-entraining agent, unit %

The dosage of air-entraining agent in concrete, unit kg/m*

Divided into seven ranges: 5-10 mm, 5.0-12.5 mm, 5-16 mm, 5-20 mm, 5-30 mm, 10-20 mm, 20-30 mm
Crushed stone usage, unit kg/m?

Natural sand is a type of fine aggregate, formed under natural conditions, primarily consisting of river sand

An indicator that represents the degree of coarseness of natural sand, the larger the fineness modulus, the coarser the sand
Bulk density refers to the mass per unit volume measured in the loose state, unit kg/m*

Apparent density is the ratio of material mass to apparent volume, unit kg/m?

Natural sand usage, unit kg/m?

Clay content in natural sand, unit %

Artificial sand is formed by crushing rocks, also known as machine-made sand

An indicator of the coarseness of artificial sand, with a larger fineness modulus indicating coarser sand

The ratio of material mass to apparent volume, unit kg/m’

Proportion of stone powder in manufactured sand, unit %

The usage amount of manufactured sand, unit kg/m*

Artificial sand's sand content ratio, unit %

Composed of seven indicators, including CaO, SiO,, Al,O3, Fe;03, MgO, SO3, and loss, unit %
I -grade fly ash usage, unit kg/m’

1 -grade fly ash usage, unit kg/m*

Total fly ash usage, unit kg/m*

Composed of seven indicators, including CaO, SiO,, Al,Os, Fe;03, MgO, SOs, and loss, unit %

Usage amount of slag, unit kg/m’

Composed of seven indicators, including CaO, SiO,, Al,Os, Fe;03, MgO, SOs, and loss, unit %
Limestone powder fineness index, unit m?%/g

Limestone powder usage, unit kg/m?

Composed of seven indicators, including CaO, SiO,, Al,O3, Fe;03, MgO, SO3, and loss, unit %
Silica fume fineness index, unit m%/g

Silica fume usage, unit kg/m?

Ratio of total void space volume to total concrete volume, unit %

Degree of flow deformation under self-gravity during concrete construction
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Extended Abstract

Introduction Concrete as the second-most consumed material globally after water plays a vital role in modern construction and
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infrastructure development due to its superior mechanical properties, longevity, and versatility. Conventional methodologies for
concrete design predominantly rely on empirical approaches, often resulting in extended cycles for material development and
suboptimal performance outcomes in practical applications. The advent of the Materials Genome Initiative (MGI), launched in the
United States in 2011, highlights a need for data-driven approaches to material design. Concurrently, significant advancements in
Artificial Intelligence (AI) have new avenues for enhancing material discovery and characterization. It is thus necessary to establish a
robust and comprehensive database capable of accommodating the extensive, heterogeneous, and multi-scale data associated with
various concrete properties and performance metrics. This study was to develop an innovative Al-powered intelligent design
framework specifically tailored for a concrete material performance gene database. This framework could promise efficient data
management and intelligent analytical capabilities and facilitate advanced material development and optimization.

Methods This framework system integrated the information on concrete material composition, mix parameters, environmental
factors, efc., and extracted the topological structure and coupling relationships between gene features to establish a concrete material
knowledge graph based on conventional relational databases, realizing the visualization of gene feature relationships. This work
designed a "gene importance-driven hierarchical density clustering" algorithm for quantitative analysis of concrete material gene
features, extracting gene structure with different action relationships, via addressing the complex influencing factors and multi-scale
coupling characteristics of concrete material performance. On this basis, this work also designed a closed-loop reasoning path from
feature selection, model prediction, and contribution quantification for typical concrete material performance to reduce the cycle of
traditional test methods, lower experimental costs, and achieve rapid evaluation and iterative optimization of concrete performance.
This could provide a scientific theoretical basis for material selection via the performance prediction model as a core model and
combining with multi-objective optimization algorithms. The framework could give a systematic technical framework and theoretical
support for intelligent material research via implementing the whole-process design from concrete material data management to
intelligent development, promoting the deep integration and innovative development of material science research and civil
engineering decision-making.

Results and Discussion The implementation of the Al-enabled framework demonstrates substantial enhancements in the accuracy
and reliability of concrete performance predictions. The algorithms effectively uncover intricate and complex relationships between
various material constituents, and their resultant influence on the critical performance indicators, such as compressive strength,
durability, and workability. The unique integration of multi-source data within the database facilitates enhances feature extraction and
visual representation of critical metrics, effectively addressing the intricate coupling effects that often complicate conventional testing
methodologies. Through rigorous testing, validation, and benchmarking against existing standards, the framework exhibits
exceptionally high accuracy and reliability in predicting concrete properties. This robust performance ultimately supports the creation
of optimized mix designs, propelling advancements in concrete technology and application.

Conclusions This study designed the Al-powered Intelligent Design of Concrete Material Gene Database, providing a systematic
and technically sound foundation for concrete material research, and significantly enhancing the integration of material science
principles and informed engineering decision-making. This study established a high-quality concrete gene database that could
facilitate rapid evaluations and predictions via effectively leveraging advanced Al technologies. Furthermore, this study supported
innovative advancements in concrete material design, paving a way for more efficient, sustainable practices in construction. Future
research endeavors could broaden the system’s capabilities, focusing on cross-disciplinary applications and the extension of the
database to include low-carbon, environmentally-friendly material options.
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