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Abstract

Concrete is one of the most widely used construction materials and cement is the main
ingredient in it and provides strength to the concrete. However, cement production significantly
contributes to carbon emissions and the depletion of non-renewable resources. Hence it is very

essential to minimize the usage of cement for sustainable construction practices.

In concrete mix design, the plasticizer is utilized to enhance the properties of concrete.
In normal and low-strength concrete we can use either low-cost pozzolanic materials like fly
ash, or non-reactive powders such as marble and granite powder. The utilization of pozzolanic
material, fly ash improves the strength, durability, and workability of concrete. Utilization of
inert material like marble powder, granite powder, and stone dust in concrete does not provide
strength but enhances the workability and durability significantly, both utilisations are solutions

to get powder-rich concrete.

Thus, it is clear that fly ash is a crucial construction material that plays a key role in
improving the strength, workability, and durability of concrete and reducing cement
consumption. At present, the availability of fly ash remains abundant, but the major concern is
the future availability of fly ash because it is being generated from burning natural resources
like coal. The global energy production drastically transitioning from conventional natural
resource-based energy to sustainable renewable energy sources like wind, solar power, etc.,
would decrease the dependence on coal-based thermal power plants, thereby decreasing the
production of fly ash. Hence, it is important to find an alternate source as a substitute of fly ash

or use the present supply of fly ash more effectively.



This research explores alternative pozzolanic materials, specifically bottom ash and
biomass fly ash, to reduce cement consumption and enhance the sustainability of concrete

production.

Bottom ash was obtained from NTPC Faridabad and biomass fly ash from JSW Delhi.
The bottom ash was ground for 30 minutes to 3 hours and tested for suitability as a construction
material. In addition, Biomass fly ash has also been studied for suitability as a construction
material. Various tests were conducted to assess their chemical and physical characteristics,
reactivity, and overall performance in concrete mixes. The efficiency factor method was

employed to evaluate the contributions of both ashes to concrete strength and workability.

The research involved a thorough investigation of particle size distribution both wet and
dry sieving, Blaine fineness, and scanning electron microscopy (SEM) imaging. Second, the
reactivity of both ashes was assessed using established codes. A comparative study of these
codes, along with their flaws is presented. Most codes except EN450 used water content based
on workability requirements which is not correct. Lime reactivity test was there only in Indian
code. In the detailed study the standard lime reactivity test, and mortar-based Strength Activity
Index was employed assuming 20% fly ash and fixed water powder ratio was adopted. All these
studies pointed out that 45 min ground bottom ash has similar properties to that of normal fly
ash and further grinding increased the effectiveness of the bottom ash. This experimental series

provided the efficiency factor for 20% fly ash cases.

Experiment set 1, with effective w/c of 0.5, 0.45, and 0.4 with all ashes percentages of
0%, 25%, 35% and 45% was carried out. This provided the efficiency factor for the different
fly ashes at different fly ash percentages. Experiment set 2 was repeated with three different
levels of ashes for wide range of effective w/c and the results confirmed the efficiency factor

determined in Experiment Set 1.

vi



Durability studies, including Water permeability (DIN 1048 Part 5), Modified water
permeability, and rapid chloride penetration tests (RCPT), were conducted to evaluate the

performance of concrete mixes incorporating bottom ash and biomass fly ash.

Despite the beneficial effects of biomass fly ash on workability, it does not exhibit any
pozzolanic activity. It was realized that further research is required on biomass fly ash to

enhance the reactivity of biomass fly ash.

In conclusion, key findings indicate that grinding bottom ash for 45 minutes exhibits its
pozzolanic reactivity similar to fly ash, with prolonged grinding further enhancing durability
through improved permeability and strength. The findings also suggest that ground bottom ash,
especially when ground for three hours, exhibits a high-efficiency factor and can effectively be
used in high-strength concrete mix. The research also highlights significant modifications to
current lime reactivity evaluation methods, highlighting the potential of these alternative

materials to enhance the sustainability of concrete production.

Keywords: Efficiency Factor; Bottom ash; Fly ash, Lime reactivity, Strength
activity index, Grinding
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Abbreviations, Symbols and Notations

Abbreviations
ACI American Concrete Institute
ASTM American Society for Testing and Materials
BIS Bureau of Indian Standards
BSE Back-scattered electrons
CEM Cement

DIN Deutsches Institute for Normung (meaning German institute for
standardisation)

Dxx ‘xx’ percent of sample mass has diameter less than D-value

FA Fly ash

GGBS Ground granulated blast furnace slag

HS High strength

1T Indian Institute of Technology

IS Indian Standard

LS Low strength

NS Normal strength

OPC Ordinary Portland cement

PCE Polycarboxylate ether

PPC Portland pozzolana cement (fly ash-based)

S7 days 7 days compressive strength of concrete

S28 days 28 days compressive strength of concrete

SCC Self-compacting concrete

SEM Scanning electron microscope

Strength ~ Compressive strength of concrete at a particular age

SG Specific Gravity
SSD Saturated surface dry
WA Water Absorption

Symbols and Notations
ALO; Alumina
b Effective binder, that is, c+kf (kg/m?)

C Ordinary Portland cement (kg/m?®) unless otherwise stated
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Ca(OH):
C7

C28
cm

f
F%,t%
k-value
min

s/a

T25

w

w/b
w/ct+kf

Calcium hydroxide

Compressive strength of concrete of 150 mm cubes at 7 days (MPa)
Compressive strength of concrete of 150 mm cubes at 28 days (MPa)
Cementitious material, that is, the sum of cement and fly ash (kg/m?®)
Fly ash (kg/m?)

Fly ash percentage (%), that is, f/(c+f)

Efficiency factor of fly ash

Minute (time)

Sand to total aggregate ratio

Time required for 25mm of water penetration from the concrete surface
Water (kg/ m®)

Water to binder (c+f) ratio

Effective water to cement ratio
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