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The goal is to use machine 
learning to understand more 

not to understand less.



Developed symbiotically, hybrid data-driven (AI)-physics-based 
approaches allow us to get the best of both worlds.

High accuracy

Computational efficiency

Tendency towards real-time

Generalization capabilities

Governed by physical laws

Specificity

Explainability/Interpretability



Example: 
Seismic performance of RC structures





Objectives

ML-based seismic performance prediction at the 
component-level

Hybrid ML-physics-based seismic performance 
prediction at the system-level

Provide solutions to data-related problems: missing 
data, outliers, small data

Develop large databases to validate framework and 
individual approaches
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The data…



Building the database
422 reinforced concrete columns under pseudo-static cyclic loading



Objectives

ML-based seismic performance prediction at the 
component-level
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Provide solutions to data-related problems: missing 
data, outliers, small data

Develop large databases to validate framework and 
individual approaches



Component-level prediction



Component-level prediction



Comparison to traditional modeling approaches

Comparison to traditional formula-based approaches



Component-level 

prediction

Developed two different data-driven solvers using the 
experimentally available data to define critical parameters 
for a structure under quasi-static cyclic loading and 
ground motions.



Comparison to traditional modeling approaches

24/50



Comparison to traditional modeling approaches

Near-real-time prediction of the capacity of reinforced concrete columns based only on 

design and hazard characteristics.



Component-level seismic response history



Objectives

ML-based seismic performance prediction at the 
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A hybrid approach

Uses experimental data in conjunction with machine learning to predict the 
seismic performance of an RC system.



System-level 

prediction



System-level 

prediction

Test specimen: planar large scale (1:2), 3-bay, 3-

story RC frame subjected to quasi-static cyclic 

loading

Xie et al. (2015)

AI Model to define parameters at each story

+



System-level 

prediction

AI Model to define parameters at each story

+

10s vs. 30’



Objectives

Develop large databases to validate framework and 
individual approaches

ML-based seismic performance prediction at the 
component-level

Hybrid ML-physics-based seismic performance 
prediction at the system-level

Provide solutions to data-related problems: missing 
data, outliers, small data



But, can we also make advances far beyond what we can imagine with existing approaches?

Developed symbiotically, hybrid data-driven (AI)-physics-based 
approaches allow us to get the best of both worlds.

High accuracy

Computational efficiency

Tendency towards real-time

Generalization capabilities

Governed by physical laws

Specificity

Explainability/Interpretability
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