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Concrete is the most widely used engineering material in the world.  Annual worldwide consumption of concrete is estimated at 700 million tons per year.  Increasing infrastructure demands and construction in more aggressive environments have placed a renewed emphasis on the sustainability of concrete structures.  However, billions of dollars are spent annually for the repair and rehabilitation of concrete structures damaged due to increasingly common durability problems that can be mitigated through proper design and/or construction.  Delayed ettringite formation (DEF) has arisen as a problem in heat-cured concrete and is defined as the formation of ettringite and associated expansion observed after heat curing at temperatures that are typically above 70 C.  The formation of ettringite is a normally benign product of cement hydration that occurs at early ages.  However, ettringite is increasingly observed in concretes that have been in service for many years.  Often associated with the ettringite observation is cracking of concrete.  It is well known that ettringite formation is an expansive reaction that may cause cracking.  In this research, physical expansion testing and environmental scanning electron microscopy (ESEM) were used to identify those cement composition and mix design factors that lead to macro-scale expansion and to evaluate the microstructural and chemical changes that occur in during heat curing and subsequent storage, respectively.  Preliminary results indicate that expansion of heat cured mortars is greatly influenced by portland cement composition and storage conditions.  Expansion results show that mortar bars maintained at 97.3% RH exhibited more expansion than companion samples stored in water.  In addition, the cement alkali content and length of heat curing period appeared to influence the degree of mortar bar expansion.  Furthermore, ESEM images reveal that ettringite forms within the interfacial transition zone between the hydrated cement and aggregate.  It is thought that the micro-scale ettringite combined with nano-scale ettringite leads to excessive expansion and subsequent cracking.  Research is ongoing to elucidate and couple the physical testing results with ESEM observations.
 

