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Mesoscopic Analysis of Mortar Failure subjected to
Time-dependent Loads
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In the current design code for concrete structures, fatigue is arrested by the S-N curve and the Miner’s
law (cumulative damage law). Using these methods, we can examine safety which depends on the
relationship between the applied load and the fatigue life. However, we cannot examine the structure’
s serviceability and durability because the other properties, such as deformation and cracking under the
effects of fatigue are unknown. Additionally, we cannot examine the structure’ s restorability because
the progression of damage during the service life of the structure is also unknown. In other words, the
current design for fatigue is not suitable to performance-based design. To solve this problem, we need a
new design method that can account for not only the fatigue life but also the changes in other properties
over time due to fatigue. To fulfill the requirement, numerical simulation can be a powerful method that
reduces the cost of experiment. Moreover, numerical simulation can give more detailed information
in microscopic phenomena, which cannot be measured in experiments. Therefore, analytical study
accelerates clarification of mechanism. Approach in this study dealt with the concrete fatigue problem
by mesoscopically analyzing mortar failure under high stress creep and low cycle fatigue. Mortar was
modeled as a heterogeneous material, and the fracture mechanism, which is explained as a process of
micro crack generation, stress release-and-redistribution, and crack growth over time, was clarified.
Two-dimensional Rigid Body Spring Model (RBSM) is employed as an analytical method in this
study. To extend it to time-dependent problem, time-dependent constitutive models of connected
springs were developed. The mechanical model, which has elastic, visco-elastic, plastic and visco-
plastic strain components, is based on macroscopic fatigue behavior of concrete. Where, based on the
concept of mesoscopic analysis, the model has no compression failures, that is, macroscopic failure
of the material is explained as an accumulation of mesoscopic tensile and shear fractures. The elastic,
visco-elastic, plastic and visco-plastic components correspond to elastic behavior in uncracked part,
creep behavior in uncracked part, time-independent cracking deformation and time-dependent crack-
ing deformation, respectively. Each component in both normal and shear direction was modeled based
on the mechanical characteristics.

In this study, a method to determine model constants from making condition of mortar was developed.

That is, first, macroscopic mechanical properties are determined by mix proportions and curing time



of the mortar. Second, the macroscopic properties are translated to mesoscopic mechanical properties.

Last, the mesoscopic properties are translated to model constants based on basic theory of RBSM or
experimental data.

Moreover, a new method for determining failure under load-controlled analysis was developed in this
study. A pseudo monotonic loading is given at certain interval, and it determines the failure state when
the peak load obtained by pseudo monotonic loading analysis becomes less than the applied upper load
or creep load.

Using the above scheme, mesoscopic analysis of mortar under high-stress creep and low-cycle fatigue
was conducted. In the high-stress creep analysis, strain development over time was well simulated. In
the low-cycle fatigue analysis, not only strain development but also basic characteristic of stress-strain
behavior, such as stiffness reduction and transition of shape of the internal curve, was well simulated.
Moreover, low-cycle fatigue analysis, in which the applied stress level is changed in midstream, was
also conducted. Compared with Miner’s law, the obtained fatigue life became longer when the applied
stress is changed to higher level, and shorter when the applied stress is changed to lower level, as
in the experiment. In addition, to clarify the failure mechanism under creep and fatigue loading, the
failure process is verified in terms of mesoscopic approach. Through an investigation of stress-strain
behaviors of the connected springs, it became clear that stress release and redistribution over time in

the meso level causes crack propagation and failure in the macro level.
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