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ABSTRACT

The efforts to reduce the consumption of natural aggregates to meet sustainable development
goals have necessitated the use of secondary materials in civil engineering applications. The
experimental data in the literature suggests that municipal solid waste (MSW) incineration
bottom ash (IBA) can potentially replace natural aggregates in field applications. However,
IBA is currently disposed of in open dumps or sanitary landfills in India. An extensive
literature review indicated that a comprehensive study characterizing bottom ash as fill
material in pavements and reinforced soil structure (RSS) is missing. Additionally, IBA
properties vary based on waste composition, pre-processing of waste, and plant operating
conditions worldwide. Hence, a detailed study 1is undertaken investigating the
geoenvironmental, geotechnical and mechanical characterization of IBA from Delhi for
reusing as an alternative to natural aggregates in pavement subbase, subgrade, and
embankments, and RSS. The incineration ash samples were collected from two MSW
incineration facilities in New Delhi, India.

The physicochemical characteristics (like mineralogy, major and minor elements, total
heavy metals) and leaching characteristics of ash samples were studied within the
geoenvironmental characterization of incineration ashes. The influence of particle size, pH,
and L/S on the leaching characteristics of IBA was studied in detail. Finally, leaching
characteristics were compared with international reuse and disposal standards to determine
their fate.

Grain size distribution, plasticity, compaction characteristics, hydraulic conductivity,
abrasion, impact, soundness, shear strength, dynamic characteristics, pullout characteristics,
etc., were studied within the geotechnical and mechanical characterization of IBA. The
obtained properties were compared with regulatory standards to evaluate the reuse of IBA in

pavement layers, embankments, and RSS.
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The experimental results revealed that the leaching concentration of contaminants and
organic content of IBA decreases with an increase in particle size. pH significantly influences
the leaching of all inorganic constituents in IBA except chlorides, sulfates, and antimony. The
results further indicate that IBA is suitable for disposal in non-hazardous waste landfills
regardless of particle size at its intrinsic pH. However, it is recommended to dispose of IBA
in monofils as co-disposal with MSW in sanitary landfills can cause the pH of IBA to shift
towards the acidic range, which may exacerbate the contaminant leaching from IBA. The
comparison of leaching test results with international regulatory standards for reuse
demonstrates that using IBA in unbound applications is feasible in paved roads and
earthworks subjected to minimal water infiltration.

The geotechnical investigation shows that IBA is a well-graded, non-plastic,
lightweight material with adequate drainage characteristics. IBA offers high bearing (soaked
CBR values of 40-48%) and shear strength (angle of shearing resistance of 46.3°-47.9°). The
secant and resilient moduli of IBA are comparable to conventional material, suggesting its
ability to withstand deformation under static and cyclic loading. Higher water absorption and
abrasion values preclude its application in subbases of highways and urban roads. However,
high strength, stiffness, hydraulic conductivity, durability, and leaching characteristics make
IBA suitable for rural roads. IBA also fulfills the standard guidelines for use as fill material in
road embankments and subgrades. The pullout test results demonstrate that the interaction
coefficient of polymeric strips and geogrid in IBA (0.73-1.53 and 0.79-1.91, respectively) is
comparable or higher to materials conventionally used as structural fill in RSS, indicating
adequate bondage between IBA and geosynthetic reinforcement.

Based on comprehensive laboratory testing, constraints associated with reusing IBA
in field applications were identified, and treatment processes like carbonation, blending, and

washing were performed to improve the required properties of IBA. Two steps of washing
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and screening with treated wastewater for a total liquid-to-solid ratio of 6 L/kg and a total
washing time of 15 min were found to improve the properties of fresh and carbonated IBA for
open reuse.

Finally, the sustainability and economic feasibility of reusing IBA compared to natural
aggregates was also assessed through life cycle assessment (LCA) and cost analysis. Among
the three discussed scenarios with reference to the baseline condition, the reuse of treated
IBA in road layers emerges as the most sustainable alternative till a distance of d+15 km
(where d is the transportation distance for natural materials). It can be inferred from cost
analysis that the reuse of treated IBA in pavement layers and RSS is also an economically

viable option, irrespective of the transportation distance of the material.
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