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Abstract

Standing tall for nearly two millennia, Roman concrete remains a
remarkable example of ancient engineering, renowned for its
exceptional durability and functionality. A comprehensive analysis of the ﬂ
Latrine Canopus concrete from Villa Adriana (Tivoli, Italy, 2nd century
A.D.) using multi-scale spectroscopic and tomographic approaches has
uncovered the mechanisms behind the resilience of these enduring ’
structures. Microstructural evidence reveals that volcanic lava
composed of leucite, analcime, and diopside-ferrian was combined with
lime clasts at a water-to-binder ratio of approximately 0.43 to construct

this iconic building. Cementation calcite served as the primary binding
phase, while the formation of a small amount of C-A-S-H around the lava
further enhanced the integrity of concrete. The epitaxial growth of
calcite filled cracks and voids through carbonate mineralization, where
calcium ions reacted with atmospheric CO2 to form calcite, reinforcing E 8 May 2025
structural strength and reducing porosity. This self-healing process Thursday

mitigated environmental and mechanical stresses, providing a valuable

model for the development of modern sustainable and resilient N 4-00 - 5:00

construction materials. @ -0 = o:0upm
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