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Abstract

Reinforced concrete structures exposed to continuous or intermittent water flow, hydrostatic pressure, and aggres-
sive environments are subjected to serious threats caused by the ingress of harmful chloride and sulfate ions. Con-
tinuous contact with saline water, combined with flow-induced stresses, pressure fluctuations, abrasive action of sus-
pended particles, and repeated wetting—drying cycles, accelerates corrosion and deterioration processes. One of the
major challenges in such structures is the high permeability of concrete to moisture and water, which leads to crack-
ing, reduction of the effective reinforcement section, and diminished long-term durability. Hence, reducing concrete
permeability is a key strategy for enhancing the durability of hydraulic and water-related structures. In this study, to
reduce permeability and improve the durability of ordinary concrete against water penetration, a combination of lig-
uid graphene oxide colloid (GO) at 0.1%, 0.3%, 0.5%, 0.7%, and 1% by the weight of mixing water, together with a
constant 0.5% nano-AlLOs by the weight of cement, has been used. Various tests, including unit weight, slump, 7- and
28-day compressive strength, Brazilian tensile strength, abrasion resistance, water penetration depth, and microstruc-
tural analysis, have been performed. The results have shown that incorporating the graphene oxide colloid (GO)/
nano-AlOs blend has simultaneously reduced the 28-day compressive strength by 1.6% to 19.8%, Brazilian tensile
strength by 8.3% to 37.5%, and abrasion resistance by 22.4% to 69.8% compared with the control mix. However, the
permeability of concrete against water has decreased by up to approximately 82%. Subsequently, sensitivity analysis
and a multicriteria optimization process were performed on the mix designs, the results of which identified the CON3
mix as the optimal design with an emphasis on improving concrete impermeability.
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