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Influence of Aggregate Distribution on the Effective Elastic Modulus of
Concrete Based on XFEM
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Abstract: Elastic modulus of concrete plays an important role in civil engineering design, thus it is important to keep the accuracy of its computa-
tion. Based on the on-hand three-layered spherical-shell model, an equivalent inclusion that consists of the aggregate, the interfacial transition
zone and cement mortar was made, and its elastic modulus was calculated by the three-layered spherical-shell model. Then, the concrete was seen
as a two-phase composite, which consists of the equivalent inclusion and basic cement mortar. Under the fixed-grid background, the extended fi-
nite element method without augmented degree of freedom was used to calculate the effective modulus of two-dimensional two-phase concrete
composed of equivalent inclusions and cement mortar. This kind of XFEM can avoid the problem of dimensional inconsistency after aggregate
distribution being changed. And the aggregate degradation was obtained through giving different aggregate diameters. It was shown that the ag-
gregate degradation has no influence on the effective modulus of concrete, and the analytical solutions for predicting the effective modulus of con-
crete are only reliable when aggregate content is low, and the effective modulus of concrete has a linear relationship with aggregate content.

Key words: concrete; interfacial transition zone; extended finite element method; effective elastic modulus
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