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The damage process of materials before they fail depends on the relative size between the 

geometry of the structure and the size of the fracture process zone (FPZ). The latter is related to 

the formation of microcracking, while the material under mechanical loading. The general rule 

for materials is that structures tend to fail catastrophically (brittle) when the FPZ size is relatively 

small compared to the characteristic size of the structure. On the contrary, structures behave as 

quasibrittle when the FPZ size is of the order of magnitude of the characteristic size of the 

structure. In particular, concrete (cement paste, sand and coarse aggregates) behaves as 

quasibrittle on the scale laboratory samples, e.g. bending beams and columns, but behaves brittle 

on the scale of e.g. a large dam. In the same way as concrete, mortar could behave as brittle or 

quasibrittle at different scales. Mortar laboratory size samples can have brittle behavior.  

I am especially interested in the behavior of mortar and concrete under tension as it typically 

represents their potential “weakness”. Regarding behavior of laboratory size mortar under 

tension, typical split tensile samples are design to provide size independent values of tensile 

strength (i.e. brittle behavior). Regarding experimental damage detection, previous works using 

acoustic emission (AE) to detect microscopic damage, show negligible results on tensile/bending 

tests of mortar and concrete, expected to have as brittle. 

As a summary, a material with brittle behavior is not supposed to develop: 1) distributed damage 

and 2) present AE activity overtime. There are two more conditions that should be most likely 

easy to accept after the description of the brittle behavior of materials. In relation to condition 1 

and 2, a brittle material is not expected to develop significant damage capable of affecting 

mechanical response, e.g. 3) stress relaxation and 4) strength reduction. 

Yet, questions remain about the generalization of the previous description of the brittle behavior 

of laboratory size mortar or large structures of concrete under tension. There is a previous work 

done on large scale laboratory samples of concrete where tensile stress is induced by restrained 

and drying conditions combined together. On the contrary to what is expected from a structure 

like this with brittle behavior, as restrained-samples age evolves microcracking increase reducing 

its strength. 

Another example are the results from the restrained ring test of mortar, that could be expected to 

behave as brittle based on the size analysis previously described. Previous works stated that if the 

restraint provided by the inner ring is high enough, mortar will start developing microscopic 



damage and eventually radial cracks will form. Related to this, using an estimation of the stress 

development over time in the mortar mix using continuum (no damage) linear elastic models 

with homogenous properties, previous works made observations on the differences between the 

model predictions on tensile stress development and the estimations of relaxation of tensile stress 

development based on experimental measurements. The mechanical description of the restrained 

ring test adds other challenges in the identification of brittle or quasibrittle behavior of mortar 

rings. As a time-dependent test, other mechanisms should be taken into account (i.e. aging and 

viscoelasticity) as part of the stress relaxation observed in restrained ring tests.  

In this work I attempt to explain the reasons why mortar and concrete structures under tension 

expected to behave as brittle could behave as quasibrittle as a results of the time-dependent 

mechanical behavior combined with drying shrinkage gradients. A carefully-selected 

phenomenological model where solidification and a cohesive zone model with stochastic 

strength distribution were numerically implemented in a finite element code to capture 

microscopic distributed damage in restrained mortar. Results of my work shows on structures 

expected to behave as brittle, tensile stresses relaxes and tensile strength reduces as a cause of 

the stress gradients generated by solidification and drying shrinkage gradients. A set of 

numerical examples, including a model of the restraint ring test, show the value of the proposed 

model and illustrates the effect that solidification and strength distribution have on distributed 

damage that causes stress relaxation and strength reduction of mortar under restrained 

conditions. A sensitivity analysis of the relevant time-dependent properties of mortar is 

performed and its impact on its performance presented. 

 


