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ABSTRACT 
 
Identifying the material and structural characteristics of reinforced concrete systems is 
essential for strength analysis and condition assessment. However, due to the 
heterogeneous nature of concrete, accurately assessing their mechanical properties 
can be quite challenging. While some conventional methods rely on invasive testing 
to evaluate material properties, these approaches are often time-consuming and 
impractical for in-service structures. Therefore, this study explores an innovative 
approach to generate digital twin model of a concrete structure by estimating its 
material properties from integrating external sensory data, particularly Digital Image 
Correlation (DIC) information and machine learning techniques. In this approach, a 
numerical model with variable material properties is updated using strain data from the 
concrete's surface. To minimize the use of DIC data, a coarse grid is designed. 
Optimization methods such as particle swarm optimization and genetic algorithms are 
employed. Subsequently, a mesoscale-based damage plasticity model is utilized in 
the nonlinear analysis. This methodology successfully estimates material properties 
for concrete and steel, including Young's modulus and compressive strength of 
concrete, as well as yield strength, elastic modulus, and cross-sectional area of the 
steel. Furthermore, both single-variable and multi-variable optimizations are 
performed to determine material and structural properties separately and 
simultaneously. In this presentation, examples of computer vision based forensic 
technologies will be also introduced including concrete surface crack and crack tip 
identification.  
 


