Understanding cracks in historic structures: Quantitative assessment
though numerical simulation and manifold learning
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1 Abstract

For projects focused on restoration and strengthening of historic structures, information about the origins,
magnitude, and stability implications of damage to a structure are required. The objective of this work is to
create a novel methodology for understanding the causes of cracks in masonry structures and the resulting
effects on global stability. Using Distinct Element Modeling (DEM), the crack patterns of a building can be
simulated for a combination of loading scenarios. The results of this method are benchmarked against
experimental results and applied to three case studies. The limitations of current physics-based approaches
are discussed and a solution using manifold learning is outlined. Manifold learning can be applied to ensembles
of crack patterns observed on real or simulated structures to infer damage pathways when the mechanism is
unknown. This technique uses a perceptual hashing of the crack patterns to produce an affinity matrix, which
is then analyzed by spectral methods to learn a small set of parameters which can describe the ensemble.
Because the affinity is derived from a sparse perceptual hash, these descriptors can then be used to
interrogate the manifold via a "lifting" operation which reveals the dominant failure modes in the sample.
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understand causes of current damage and how it

2 Introduction and background
g affects the structure as a whole [1]. Building

Before restoration, strengthening, or reuse diagnostics is a comprehensive process which
campaigns can be carried out on existing encompasses: 1) data collection, 2) data synthesis,
infrastructure, building diagnostics is needed to 3) physics-based modeling, 4) monitoring, 5) and
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