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Quasi-brittle fracture, which is the main type of failure in mineral-based materials such 

as rock, limestone, and concrete, causes significant damage to infrastructure systems 

and great loss of lives. Hence, the estimation or design of the ultimate capacity of load-

bearing members within this class of materials has captivated researcher’s attention in 

the recent years and has been a major branch of computational mechanics, besides 

theoretical and experimental approaches.  

To address the problem, this thesis focuses on the further development of a nonlocal 

continuum damage model to accurately predict the initiation and evolution of damage 

and the progressive failure in structural materials. Several applications of the damage 

model have been presented, including the study of specimens with stochastic 

variations of the material parameters to discover the consequences on the behaviour 

and failure of the variability of each investigated material parameter. To study the size 

dependent responses of microarchitectural materials, the damage model is extended in 

light of Mindlin’s strain gradient elasticity theory by enriching the first and second 

gradients of strain in the free energy functional. Lastly, the proposed nonlocal damage 

model is combined with a dimensionally reduced model of functionally graded plates 

using a third-order shear deformation theory, where the field variables are computed 

on the neutral surface of the plate. Unlike the conventional three-dimensional solid 

models, integration over the plate thickness is not required, which noticeably reduces 

the computational effort. 
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