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ABSTRACT

For prediction and design of durability and service life of cement-based materials and of reinforced concrete structures one dominant load is considered usually. This may be either a mechanical load or it may be an environmental load as for instance carbonation, frost damage, or chloride penetration. In reality, however, mechanical and different environmental loads act simultaneously or consecutively in most cases. It will be shown that synergetic effects of load combinations have to be taken into consideration if service life design is to be realistic. Otherwise time-dependent induced damage is underestimated and the calculated service life is a crude overestimation. As an example a limited number of load combinations will be selected such as frost damage, carbonation, and chloride penetration. It will be shown that service life under combined actions will be significantly shorter than under the influence of separate individual actions. For realistic service life design this effect is most important. Examples will be presented and discussed. 
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ABSTRACT

For the prediction of long-term behavior and durability of cement-based materials and of reinforced concrete structures usually one dominant load is considered. This may be either a mechanical load as for instance in the case of failure under sustained load and impact load or it may be an environmental load as for instance in the case of carbonation, frost damage and chloride penetration. Service life prediction is frequently also based on one decisive mechanism. In reality, however, different mechanical and environmental loads act simultaneously or subsequently. It will be shown that under load combinations synergetic effects have to be taken into consideration, otherwise induced damage is underestimated and the designed service load cannot be reached. A limited number of load combinations will be selected such as frost damage, carbonation, and chloride penetration. It will be shown that service life under combined actions will be significantly shorter than under separated individual actions. For realistic service life design this effect is most relevant. Examples will be presented. 
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ABSTRACT

For prediction and design of service life of reinforced concrete structures single deteriorating mechanisms are usually considered independently. If there are synergetic effects of combined action, however, the usual prediction of service life of reinforced concrete structures is not conservative. In this contribution the influence of frost action on carbonation and the combination of frost action and carbonation on chloride penetration will be considered as an example of combined loads. Experimental results are presented and discussed in this contribution. They indicate that carbonation is significantly accelerated after 50 and 150 frost cycles. Chloride penetration is also significantly accelerated after frost damage and also after carbonation. It is shown that capillary suction is a useful tool to characterize damage induced to the composite structure of concrete and its implications for durability. It can be concluded that in general combined mechanical and environmental loads must be taken into consideration if service life design is to be realistic. 
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ABSTRACT

If service life of reinforced concrete structures is to be predicted, usually one dominant deteriorating mechanism is taken into consideration. In reality, however, concrete structures are exposed to a number of simultaneously or consecutively acting deteriorating processes. In practice a multitude of environmental loads will superimpose mechanical loads in most cases. In this contribution the influence of frost damage on rate of carbonation and on chloride penetration will be outlined. This is meant to be an example for the influence of damage induced to the microstructure of concrete on rate of carbonation and on chloride penetration. It will be demonstrated by appropriate experimental results that both the rate of carbonation and the penetration depth of chlorides increase considerably after modest frost damage. Characteristic damage of the micro-structure is caused by frost damage. These results indicate clearly that it is mandatory to take synergetic damage of the microstructure into consideration for a realistic service life prediction.   
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