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ABSTRACT

The use of recycled materials in construction has recently gained
prominence as a Sstrategy for promoting sustainability and reducing
environmental impact. In this context, understanding the mechanical
behavior of mortars incorporating waste aggregates and assessing their
properties through non-destructive methods is essential for optimized mix
design. This study investigates the relationship between flexural and
compressive strengths with porosity and ultrasonic pulse velocity (UPV) at
28 days of curing. A total of 180 mortar specimens were prepared from 36
mix designs using three cement grades (32.5, 42.5, and 52.5 MPa), two
types of aggregates (natural and waste foundry sand—WFS), two water-to-
cement ratios (0.4 and 0.5), a constant sand-to-cement ratio (2.75), and six
WES replacement levels (0%, 10%, 20%, 30%, 40% and 50% by weight).
Results indicated inverse relationships between strengths and porosity:
higher strength specimens had lower porosity. A direct relationship was
observed between mechanical strengths and UPV, implying that higher
strength corresponds to greater internal cohesion and faster wave
transmission. The porosity—UPV relationship was found to be exponential
and nonlinear. Moreover, flexural and compressive strengths were more
closely aligned at lower water-to-cement ratios and higher cement grades.
The lowest strength values consistently occurred at the 50% WFS
replacement level. These findings offer valuable insights for designing eco-
friendly mortars and enabling rapid, non-destructive performance
evaluation.
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