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Abstract 
In low- and intermediate-level radioactive waste disposal, engineered barriers, particularly High-Integrity Containers (HICs), are the primary defense against radionuclide migration. This study evaluates the impact of varying steel fiber content on Ultra-High Performance Concrete (UHPC) to optimize containment materials.

Standardized tests revealed that a 1.0% volume fraction of steel fibers significantly enhances UHPC performance. At 120 days, the optimized mixture achieved a peak compressive strength of 135.29 MPa and increased flexural strength by 52.0% compared to the unreinforced baseline. Additionally, the internal fiber network effectively restrained drying shrinkage, reducing it by 30.6%.

Crucially, this crack-bridging mechanism effectively restrains the initiation and propagation of micro-cracks. By minimizing volume deformation and structural cracking, the UHPC matrix maintains exceptional density and ultra-low permeability. This physical integrity indirectly yet highly effectively blocks groundwater ingress, thereby preventing the subsequent leaching and release of radionuclides.

In conclusion, integrating 1.0% steel fiber into UHPC is critical for maximizing its overall performance. This optimized barrier material not only offers extreme mechanical durability but fundamentally strengthens the long-term radionuclide containment and reliability of HICs in complex geological environments.

Keywords: ultra-high performance concrete, mechanical strength, low permeability, high-integrity containers.
