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ABSTRACT
Solid waste landfills will continue to receive a large amount of waste due to the
rapid increase in population worldwide. We can efficiently preserve our finite material
resources by transforming a substantial quantity of solid waste into a viable alternative
resource. An extensive study has been conducted on using two solid waste materials in
concrete due to its widespread application as construction material for roads and

buildings.

Foam concrete (FC) is emerging as a novel material. It is gaining good attention
amongst academicians due to low self-weight and self-compacting nature. This
technology consists of a concrete type in which entrained air is generated through use of
foaming agent to a mixture of cement and fine aggregates. Different types of fine
aggregate proportions, water-to-cement (w/c) and cement-to-sand ratio, and foam
concentration provides an optimum balance for design of FC mixes. Studies in the
literature have focused primarily on assessing the properties of the foam concrete. No
mention is found on examining the effect of foaming agent dilution ratio, which is
expected to play a crucial role in achieving the desired pore structure through optimum
air entrainment. Foam concrete is rendered lightweight, and the need is to strike a balance
between porosity achieved and the mechanical properties for its infield performance.
Identification of appropriate foaming agents is another aspect of framing the technology

for broader applications.

Recycled fine aggregates from construction and demolition (CD-RFA) waste
processing plants was used for partial replacement of natural river sand below 1.18 size
along with OPC. It is expected that the use of CD-RFA in foam concrete mixes would

cater to the needs of sustainability. A comprehensive laboratory investigation for utilizing
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CD-RFA in FC mixes is made in this research. CD-RFA was utilized in proportions of 0,

10, 30, 50, 70, and 100%, respectively by the mass of sand.

Three dilution ratios of protein based foaming agent viz. 1:20, 1:40 and 1:60
(water: foaming agent) were used to produce FC mixes. The fresh, mechanical,
microstructural and durability properties of FC mixtures were studied. An extensive
laboratory investigation reveals that the FC mixes at dilution ratio of 1:40 showed the
best-balanced relationship between all the aforementioned parameters required for foam
concrete. This is a novel finding. Depending on the concentration of the foaming agent,
entrained air bubbles of different sixes are formed in FC mixes. These bubbles tend to
collapse and merge during the mixing process with the dry ingredients. On drying, these

bubbles may leave voids/pores in the FC mass thereby rendering light-weightiness.

Results indicate that the replacement of natural sand up to 50% with CD-RFA is
possible by mass of sand. However, the optimum results in terms of fresh, mechanical,
microstructural and durability properties were obtained for 10% replacement level. The
foam concrete mix prepared using recycled fines will help clearance of a large quantity

of CD waste in volume terms, thereby benefiting the environment.

Admixing CD-RFA increases the water absorption of the FC mixes due to the
adhered mortar on its surface during processing in the C&D plants. This impacts the
porosity and sorptivity of the FC mixes as compared to the control FC mix prepared with
sand, OPC and foam. These properties increase considerably as the CD-RFA
replacement levels increases. Meanwhile, the incorporation of CD-RFA was found to
negatively affect the mechanical properties of the FC mixes. However, the obtained
values of compressive strength, flexural strength, and split tensile strength of 10%

admixed CD-RFA were 14.17, 4.88 and 2.27 MPa, respectively at 28-day. These results
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were within the ACI 523R 2014 recommended ranges of 822, 3—6.4, and 1-2.2 MPa,
thereby rendering CD-RFA admixed foam concrete suitable for semi or non- structural
as well as lightweight applications. The control FC mix attained compressive strength,
flexural strength, and split tensile strength of 22.35, 4.68 and 2.18 MPa, respectively,
which holds promise for its application for structural purposes. Of further interest is the
flexural strength achieved by the FC mixes, holding promise for their use in parking lots
that would keep the surface dry and help groundwater recharge. The hardened density,
abrasion resistance, and resistance to sulphates and chloride attacks showed a perceptible

decline for 10% admixed CD-RFA FC mixes.

SEM of FC specimens after 28 days show an irregular distribution of pore-sizes
scattered all over the groundmass. The microstructure of foam concrete is influenced by
several elements - including the foaming agent, component materials, and mixing
technique. Formation of foam bubbles varies noticeably between the control mix and the
mix with 100% CD-RFA replacement. This is because the admixing CD- RFA results in
large surface area of pores/ voids and is adsorptive. The XRD reveals hydrated products
such as portlandite (CH), calcium silicate hydrates (CSH), and unreacted calcite and
dicalcium silicate. Samples with higher level of CD-RFA replacement show higher
intensity of calcite, which resulted from carbonation of hydrated products as compared
to control FC mixes. Also, as the percentage of CD-RFA increases in foam concrete, the
concentration of CaCOs increases in the mix at every dilution ratio along with increase

in porosity.

This study uses another waste named ceramic waste tile powder (CWTP) for
partial replacement of OPC in foam concrete in different proportions varying from 10%,
30%, 50%, 70%, and 90% by mass of cement. Mixtures of the resulting cementitious
material and natural river sand were considered. The development of compressive
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strength over time (at 7, 28, and 90 days), flexural strength, and split tensile strength at
28 days were examined. The protein-based foaming agent was diluted in the proportion

of 1:40 as obtained for CD-RFA.

It was found that with the increase in the proportion of CWTP, the porosity, volume
of permeable voids, sorptivity and water absorption of foam concrete mixes increased
significantly. At the same time, a downward trend in the mechanical properties were
noted. However, the obtained values of compressive strength, flexural strength, and split
tensile strength were found to attain peak value at CWTP admixing level of 30% with
OPC attaining values of 14.94, 4.86 and 1.65 MPa, respectively. These were found to be
well within the ACI 523 R 2014 recommended ranges of 822, 3-6.4, and 1-2.2 MPa.
The FC mixes were evaluated for durability performance through the abrasion resistance
using Cantabro test and exposure to an aggressive environment using 2% sulphuric and
hydrochloric acid solution. Hardened density, abrasion resistance, and resistance to
sulphates and chloride attacks increase with the increase of replacement level of CWTP
in mixes. A durability criterion called durability index is introduced in this research to

compare the durability of varying replacement levels of CWTP in FC mixes.

xxix | Page



