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ABSTRACT
Service lifetime refers to the period during which a structure fulfills its performance requirements.
Structures in areas that experience cold temperatures are exposed to freeze-thaw cycles which can
cause frost damage, carbonation and reduce service lifetime. The modelling of service lifetime
deterioration is the main aim of this research. For this purpose, the experimental program was designed
in the following two series. In Series 1, mortar specimens subjected to drying conditions in the
laboratory as one test set, and exposed to different natural climate conditions at three outdoor locations
in 10 years as another test set. Next, in Series 2, some tests in the laboratory were performed by adding
not only different temperature but also different relative humidities and curing times. Mortar
specimens were prepared using water, ordinary Portland cement, and sand. Pore structure of mortar
specimens was evaluated using Mercury Intrusion Porosimetry method.
The results indicated that most of the pore structure change in the outdoor exposure test and the
laboratory test showed the same tendency due to drying temperature. Test results confirmed that pore
structure of mortar was coarsened and the pore volume with a diameter range of 40-2000 nm and 150-
15000 nm were increased. Furthermore, this study reports evidence for the relationship between pore
structure change and maturity, and an improved maturity function is proposed. The change in the pore
structure is determined by the proposed maturity function, which considers the curing temperature
history and the relative humidity. The relative humidity is an additional and novel factor forming the
new maturity function for the prediction of pore structure change. Finally, the experimental results
presented are useful information for understanding the pore structure of mortar changes due to
environmental conditions.
In this study, by analyzing the influence of environmental conditions on the change of pore structure,
quantifying the relationship of frost damage from pore structure change, conducting laboratory
experiment and exposure to real environment, the method for forecasting frost damage deterioration
calculated by ASTM equivalent cycle number including winter environment and dry condition in
summer is proposed. The service life of mortar is calculated for each region as forecasting method of
frost damage by taking into consideration the effect of summer pore structure change on frost damage
resistance in addition to prediction of frost damage by conventional cycle number corresponding to
ASTM using the proposal of indicator FD-CI.
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