Concrete with the Addition of Triticale Straw Fibers: The Effect of Fiber Length on Mechanical Properties, Durability, Microstructure, and Thermal Conductivity
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In the pursuit of sustainable construction materials, agricultural waste fibers are increasingly being explored as environmentally friendly reinforcement in cement-based composites. This study investigates the influence of straw fiber length on the fresh-state properties, mechanical performance, and durability of cementitious composites. This study investigates the influence of straw fiber length on the fresh-state properties, mechanical performance, and durability of cementitious composites. The results demonstrate that fiber length significantly affects workability, with longer fibers reducing mixture consistency without necessarily decreasing density. Mechanical performance was found to be strongly dependent on both fiber length and curing time. While short and medium fibers tended to reduce early-age compressive and flexural strength, longer fibers (7.5 cm) provided a pronounced improvement in flexural strength at later curing stages and enhanced compressive strength at intermediate ages. However, a reduction in long-term compressive strength for the longest fibers highlights the importance of optimizing fiber geometry to ensure microstructural stability and durability. Water absorption increased with the incorporation of straw fibers, although its magnitude depended on fiber length. Medium-length fibers exhibited the highest absorption, whereas longer fibers showed more favorable behavior. Importantly, increased water absorption did not directly correspond to reduced freeze–thaw resistance. Durability was governed by pore size distribution, pore connectivity, and moisture transport mechanisms rather than total porosity alone. Statistical analysis confirmed that fiber length and curing time significantly influence strength development and revealed that straw fibers reduce the variability of mechanical test results, particularly after freeze–thaw exposure.
Overall, the findings demonstrate that optimizing straw fiber length—particularly at 7.5 cm—allows for a balanced improvement in flexural performance, durability, and result reproducibility, supporting the potential use of agricultural waste fibers as sustainable reinforcement in cement-based materials.

