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ABSTRACT

Drying shrinkage of an engineered cementitious composites (ECC) leads to eigenstress in the
composite when restrained. If the eigenstress is higher than the tensile strength of the
composite, crack formation will occur. Due to the engineered design of the composite the
crack width is found to be less than 50um, regardless of the specimen dimensions. From a
durability point of view the composite can be considered as an effectively uncracked
material. A physical model for the drying shrinkage deformation will be described. It will be
demonstrated that at 50% relative humidity or below, the use of a Portland cement with a low
alkali content for the ECC matrix reduces the drying shrinkage deformation and the crack
width in comparison to an ECC with a normal alkali content cement matrix.
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INTRODUCTION

Improvement of the durability of cementitious composites is from an economical and
ecological point of view an important issue. An improvement of the durability can be reached
with a material which shows a small crack width due to restrained drying shrinkage
deformation. In order to achieve this goal it is useful to understand the intrinsic causes of
macroscopic drying shrinkage.

Moisture exchange of capillary porous cement paste with the environment causes
macroscopic deformations of cementitious composites. The microstructure of capillary
porous cement paste consists of colloidal CSH-gel particles with at least one dimension of the
particles in the range between 1nm and lpm [1]. Different deformation mechanisms operate
at this microstructure level depending on the relative humidity (RH). In this paper, we
approach the study of drying shrinkage from this microscopic viewpoint.

Restrained drying shrinkage deformation of cementitious composites leads to an eigenstress
in the material that can cause cracks, if this eigenstress is higher than the tensile strength of
the material. In normal concrete or fiber reinforced concrete, the width of shrinkage cracks
will depend on the amount of shrinkage and the dimensions of the specimen. The crack width
under restrained drying shrinkage of Engineered Cementitious Composite (ECC) investigated
here is a material property. This is an outcome of the unique tensile response of ECC. ECC is
micromechanically designed {2] with a strain capacity more than 100 times higher than that
of a normal concrete. As long as the shrinkage strain remains below the tensile strain
capacity, the crack width is a material property independent of the specimen size and shape.
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