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PROBABILISTIC LOAD-BEARING CAPACITY ESTIMATION
OF RC BEAMS USING CORROSION CRACK DISTRIBUTIONS
OBTAINED BY UAV AND MACHINE LEARNING

Akiyama, M.! Ono, K.! Wakahara, T.? Kimoto, K.® and Fujita, M. 2
'Waseda University 2Ohsaki Research Institute, Inc.  *Keisoku Research Consultant Co.

For concrete structures located in an aggressive environment, multiple environmental and mechanical stressors
lead to deterioration of their structural performance. Such deterioration will reduce the service life of structures
and increase the life-cycle cost of maintenance actions. Various environmental stressors such as airborne
chloride affect the degradation mechanisms of concrete structures. However, the effects of these stressors are
difficult to predict, as they vary in time and space. Because of the presence of such uncertainties, long-term
structural performance must be predicted based on probabilistic concepts and methods, and life-cycle reliability
assessment methodologies must be established.

The present study introduced core technologies for probabilistic prediction of the remaining lifetime of
deteriorating concrete structures. They include:

(a) X-ray technology and digital image processing: Modelling the steel corrosion is important, but steel corrosion
in RC members can only be observed after severely damaging these members. To understand the steel corrosion
growth process, continuous monitoring is necessary. Novel X-ray and digital image processing techniques have
been applied to observe steel corrosion in RC members. The experimental outcomes are introduced to provide a
fundamental understanding of the non-uniform spatial growth of the steel weight loss and the corrosion cracking.
(b) Reliability assessment with the stochastic simulation: The deterioration of RC structures due to chloride-
induced corrosion is not uniform because of the spatial variability related to material properties and
environmental stressors. This variation has a substantial effect on the reliability of RC structures. Based on the
experimentally obtained model parameters, the spatial steel weight loss distributions in the longitudinal and
transverse directions are simulated by 2D spectral representation method.

(c) Finite element models considering the effect of steel corrosion: 3D FE modeling is capable of simulating the
behavior of RC members in a more comprehensive way provided that appropriate constitutive models are
adopted. Detailed structural analysis with a 3D FE model allows for a more accurate description of the corrosion
damage at the material and structural levels. Comparison between experimental and computational results
demonstrates that the 3D FE model provides better predictions of the structural behavior of the corroded RC
members with multiple rebars than the 2D FE model, especially when the member has a small correlation
coefficient of steel cross-sectional area loss in the transverse direction. The 3D FE model is recommended for
evaluating the structural performance of corroded RC members.

(d) Machine learning: Machine learning-based approaches have gained attention owing to the capability of
simulating the complex physical process for structural assessment. With the aid of the three core technologies
mentioned previously (i.e. (a), (b) and (c)), an artificial database for developing the machine learning model is
generated to predict the steel corrosion distributions inside the concrete members using the corrosion crack
widths.

In an illustrative example, the remaining lifetime of a deteriorating concrete structure is probabilistically
estimated using the inspection results (e.g. observational information on corrosion crack widths taken by using
a drone). Finally, future issues necessary to advance the life-cycle analysis of deteriorated concrete structures
are discussed.

KEYWORDS : corrosion, chloride attack, UAV, stochastic simulation, finite element models,
machine learning, X-ray, digital image processing
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