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ABSTRACT

To sustainably counter the problems of depleting natural aggregate resources and
environmentally injurious metal slag and flyash open dumps, establishing the technical and
economic feasibility of using industrial wastes to replace the natural aggregate is the need of
the hour. In this regard, Dr. Satyajit Patel, in his doctoral thesis (Patel 2016), proposed three
innovative industrial waste mixes for their use to completely replace the granular subbase
(GSB) in a typical flexible pavement. However, for the construction industry to adopt
laboratory-based technology, it is imperative to evaluate the performance of the above mixes in
a field pilot study. Therefore, this dissertation focused on the techno-economic feasibility of the
complete substitution of granular subbase with the three industrial waste mixes as given below,
in a typical four-layered flexible pavement based on a medium-term (3 years 9 months)

prototype field performance.

1. FAL - Flyash + 5% lime
2. CFA - 70% Copper Slag + 30% Flyash and

3. FAG - 80% Flyash + 20% Granulated blast furnace slag

First, these proportions of optimum waste mixes were reassessed by performing
laboratory tests such as Unconfined Compressive Strength (UCS) test, California Bearing Ratio
(CBR) triaxial shear strength test and cyclic triaxial test (CTT) because compared to Patel
(2016), the flyash had higher lime content and dolime was replaced by lime as the activator.
These differences resulted in higher strengths and stiffnesses in CFA and FAG and lower

optimum activator dose in FAL compared to Patel (2016).

Using the laboratory test results, ten flexible pavement test sections, each 50 m long and
3.5 m wide, were designed and constructed as a part of State Highway No. 6 near Surat, Gujarat.

Nine sections had FAL, CFA and FAG subbase layers in three varying thicknesses (200 mm,



300 mm and 400 mm), and the tenth section, the control section, had a granular subbase (GSB)
of 330 mm thickness as a baseline case for comparison. The structural and functional
performance of the test sections was evaluated in four phases using Falling Weight
Deflectometer (FWD) and Bump Integrator (BI). Initially, FWD tests were conducted monthly
to study the effect of curing. Once the peak ErFwp (backcalculated FWD moduli) of the subbase
layers were recorded after nine months, a coring operation was conducted to compare the
strength gain in the field and laboratory using microstructure analysis. Secondly, post-peak
performance, FWD and BI tests were performed pre- and post-monsoon to study the effect of
seasonal moisture variation and related structural and functional changes and damages in the
test sections. In the third phase, after two years, a truck overloading operation was conducted
post-monsoon to simulate seasonal overloading during harvesting and the associated damage
sustained by the test sections. During the third and fourth years, post-damage performance
typical to pavements with waste mix subbase layers was captured in the final phase. Heavy
metal leaching potential was assessed by conducting TCLP and water leaching tests on the raw
wastes and field core samples and by testing the leachate collected from the drains installed in

the test sections.

Additionally, the nonlinear behaviour of Erwp of FAL, CFA and FAG subbases in field
and laboratory was compared by deriving stress-dependent conversion factors based on two
constitutive models to convert M, to Erwp at different field testing phases. Finally, LCA and
construction and maintenance cost analyses were conducted to attest to the environmental and
economic feasibility of using the waste mixes as subbase layers in typical Indian flexible

pavement state highways.

The waste mix subbase took three months to reach stable moduli values that were 3 to
5 times higher than GSB. Due to less variation in the subbase modulus owing to changes in

moisture content and inherent higher stiffness, waste mix subbase layers sustained an extreme



condition of post-monsoon truck overloading without premature failure. No significant surface
distress was found in waste mix test sections in terms of rutting, cracking, or heaving,
substantiating the robustness of the waste mix subbase layers. The failure mechanism of the
waste mix test sections showed that the damage begins with stabilized waste mix layers and
propagates upwards. The waste mixes produced stable pozzolanic binding gels, immobilizing
the heavy metals in the raw wastes with no signs of heaving. Thus, the waste mix subbase does
not possess any potential to contaminate the ground water with heavy metals. Stabilized waste
mixes exhibited stress hardening with increasing bulk and deviatoric stresses in the field and
laboratory. Curing increases Erwp and reduces its sensitivity to stress. In contrast, traffic
damage imparts the opposite effect as the stabilized waste mixes transform into cracked and
blocky mass. This information would allow practitioners to predict the field performance of the

waste mix subbase with great accuracy, resulting in a reliable design and possible cost savings.

As per remaining fatigue life, a 330 mm thick GSB in a flexible pavement can be
replaced with even a 200 mm thick FAL, FAG or CFA layers with 30% — 100% higher fatigue
design life, 13% — 23% lower surface roughness after 3 years and 9 months. This higher fatigue
life resulted in lower overlay thicknesses at the end of the test period. This resulted in 12.5% to
30% lower overall costs. Due to avoided burdens of quarrying and processing stones to produce
natural aggregates, savings in valuable land occupied by dumpsites and shorter transport
distance from the raw material sources to construction, all the alternatives to GSB were
sustainable with 45 % to 65% lower relative life cycle environmental impacts compared to the
control section. This knowledge can be used to minimize thicknesses of different layers, such

as HMA and base layers, and achieve a more economical design for construction.
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