1*' Biennial ESIS-CSIC Conference on Structural Integrity
(BECCSI 2025)

BE CSl

BELGRADE2025

November 25-28, 2025, Metropol Palace, Belgrade, Serbia

Crack Patterns and Strengthening of Historical Unreinforced
Masonry Structures

Dorin Radu'*, Marijana Hadzima Nyarko?, Karlo Emmanuel Nyarko®, Ercan Isik*, Eleonora
Desnica’

Faculty of Civil Faculty of Civil Engineering, Transilvania University of Brasov
2Faculty of Civil Engineering and Architecture Osijek, Josip Juraj Strossmayer University of Osijek, Croatia
3Department of Computer Engineering and Automation at the Faculty of Electrical Engineering, Computer
Science and Information Technology Osijek, Croatia
4Civil Engineering Department in Bitlis Eren University, Tiirkiye
SMihajlo Pupin" Technical Faculty, University of Novi Sad, Zrenjanin, Serbia
*corresponding author: dorin.radu@unitbv.ro

Abstract

Recognizing possible crack patterns, discontinuities, and brittle failure mechanisms in unreinforced
masonry under seismic and gravitational forces enables effective retrofitting strategies. A wide array of
traditional and modern materials and strengthening techniques offer compatible, removable, and
sustainable conservation options. Steel and timber tie-rods are commonly employed to support the
horizontal thrust of arches, vaults, and roofs, and are particularly effective in connecting structural
elements such as masonry walls and floors. Additionally, composite reinforcement systems utilizing
carbon and glass fibers along with thin mortar layers can enhance tensile capacity, ultimate strength,
and displacement to prevent brittle shear failures.

This study provides an overview of masonry structural diagnostics and compares traditional with
advanced strengthening methods for walls, arches, vaults, and columns. It also presents recent research
on automated surface crack detection in unreinforced masonry (URM) walls, with an emphasis on
machine learning and deep learning algorithms.
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