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ABSTRACT

Rapid estimation of seismic demand parameters is essential for post-earthquake
assessment and seismic loss evaluation of reinforced concrete (RC) structures;
however, conventional approaches based on nonlinear time-history analyses require
significant computational effort when multiple structural models and ground motions are
considered. This study proposes a local damage heatmap-based convolutional neural
network (CNN) approach for estimating global seismic demands of RC structures. In
the proposed method, local damage heatmaps are constructed from concrete strain
responses extracted from fiber-section-based numerical models, where strain data are
transformed into image-based inputs using predefined damage thresholds and
supplemented by conditional vectors encoding key structural parameters. A numerical
database is developed through nonlinear dynamic analyses of RC column and moment
frame models subjected to multiple ground motions, and the CNN is trained to estimate
global seismic demand parameters including the maximum interstory drift ratio (MIDR)
and peak floor acceleration (PFA). Results demonstrate that the proposed framework
can effectively estimate drift-related demands such as MIDR from local damage
heatmaps, while direct estimation of PFA remains challenging due to the influence of
ground motion characteristics and stiffness degradation; accordingly, a damage-
informed stiffness degradation concept is considered as a supplementary correction
strategy for PFA estimation. The proposed approach provides a physically interpretable
and computationally efficient basis for rapid seismic demand prediction and its
application to seismic loss assessment of RC structures.
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