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Abstract - This research examines the impact of
Metakaolin (MK) and Waste Glass Powder (WGP) as partial
cement replacements in Self-Compacting Concrete (SCC).
The study focuses on evaluating fresh properties,
mechanical strength, and durability of SCC incorporating 5-
15% MK and 10-20% WGP. Fresh workability was tested
with slump flow, V-funnel, and L-box methods.
Compressive, split tensile, and flexural strengths were
measured at 7, 14, and 28 days. Durability was assessed by
water absorption, acid resistance, and chloride penetration
test. Results indicated that a combination of 10% MK and
15% WGP significantly enhanced flowability, strength, and
durability compared to the control mix. MK improved early
strength and matrix densification through pozzolanic
activity, while WGP contributed to long-term performance
and sustainability by utilizing waste glass. This study
demonstrates that incorporating MK and WGP in SCC is a
viable, eco-friendly solution to improve concrete
performance while reducing cement consumption, costs,
and environmental impact.
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1.INTRODUCTION

Self-compacting concrete (SCC) is a high-performance
material that flows under its own weight and completely
fills formwork without mechanical vibration. Developed in
Japan in the late 1980s, SCC addressed labour shortages
and the need for durable, high-quality structures. Its high
fluidity, deformability, and resistance to segregation make
it ideal for reinforced and complex construction where
traditional compaction is difficult. SCC improves surface
finish, reduces noise from vibrators, and increases
construction efficiency. SCC mix design uses high-range
water-reducing admixtures, viscosity-modifying agents,
and carefully graded aggregates to achieve proper flow and
stability. With growing emphasis on sustainability, SCC
incorporates industrial byproducts like fly ash, silica fume,
limestone powder, glass powder, and ground granulated
blast furnace slag to improve workability, lower costs, and
reduce environmental impact. These materials increase
slump, enhance durability, and decrease reliance.

2. EXPERIMENTAL WORK

2.1 MIX DESIGN

MIX DESGIN FOR M40 GRADE CONCRETE

Table A: Mix Details of MA40Grade concrete

Water Cement Fine Coarse
aggregate aggregate
113kg/m3 320kg/m3 730kg/m3 1317kg/m3
0.475 1 2.28 4.12

2.2 MATERIAL USED

2.2.1 Cement:

In this research, Ordinary Portland Cement of 40-grade
(PPC) was used. This type of cement acts as a binder that
holds construction materials together due to its strong
adhesive and cohesive characteristics. The cement begins
to setin no less than 30 minutes after mixing and completes
its final setting within 10 hours.

2.2.2 Fine Aggregate:

Aggregates are materials that, when mixed with cement,
form mortar or concrete. In this study, fine particles passing
through a 4.75 mm sieve were collected from a local river
source Concrete's durability and volume stability are
enhanced by fine aggregate. By filling the gaps between
coarse aggregate particles, it helps produce stronger
concrete while reducing the required amount of cement.

2.2.3 Coarse Aggregate:

Locally sourced coarse aggregate was utilized in this study.
To determine its physical characteristics, tests including
specific gravity measurement, fineness modulus
evaluation, and sieve analysis were performed as per the
guidelines of IS: 383-1970.
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2.2.4 Metakaolin:

Metakaolin is a reactive pozzolanic material produced from
refined kaolin clay through controlled calcination. It readily
reacts with excess calcium hydroxide released during
ordinary Portland cement hydration, forming additional
calcium silicate hydrates and calcium aluminosilicate
hydrates. These compounds enhance concrete’s strength,
density, and durability, making metakaolin an effective
supplementary cementitious material in high-performance
and sustainable construction.

2.2.5 Glass Powder

Glass powder is a finely ground material made from waste
glass, rich in silica. It acts as a pozzolanic material and can
partially replace cement, improving concrete’s strength,
durability, and sustainability. As per IS 1489 (Part 1)-1991
and IS 3812-2003, its use enhances workability, reduces
permeability, and increases resistance to chemical attack,
making it an eco-friendly option

2.2.6 SP 430 Superplasticizer

SP 430 is a water reducer that works in a wide range and is
manufactured from Sulphonated Naphthalene
Formaldehyde (SNF). Used in Self-Compacting Concrete, it
helps the mix flow and settle without vibration. By
dispersing cement particles through electrostatic
repulsion, it improves workability and reduces water
content by 15-20%, enhancing strength, density, and
durability.

2.2.7 Water

Potable water was used as per IS 456:2000. It is essential
for the hydration of cement and must be free from harmful
substances like acids, alkalis, oils, and organic matter to
ensure concrete quality and durability

3. METHODOLOGY

The adopted methodology was to compare the results
between conventional M40 grade Self-Compacting
Concrete (SCC) and SCC mixes with partial replacement of
cement by Metakaolin and Glass Powder. The entire
experimental program was divided into the following
trials to evaluate workability, strength, and durability
characteristics.

TrialM0-Nominal mix or conventional concrete without
any replacement materials or admixtures.

TrialM1-Conventional concrete (M0) modified by adding
1% Superplasticizer (SP) by weight of cement to improve
workability.

TrialM2-Conventional concrete (MO) modified with
1.5% Superplasticizer (SP) to enhance flowability and
reduce water content.

TrialM3-Conventional concrete (MO) containing 2%
Superplasticizer (SP), providing higher workability and
improved compaction without segregation.

TrialM4-Concrete in which 10% of the cement is
replaced with Glass Powder (GP) and 5% replaced with
Metakaolin (M), combined with 1.5% Superplasticizer
(SP) to enhance strength, durability, and workability.

TrialM5-Concrete  mix  incorporating a 10%
replacement of cement with Glass Powder (GP) and 10%
replacement with Metakaolin (M), along with 1.5%
Superplasticizer (SP) to improve performance
characteristics.

TrialM6 -Concrete mix where 10% of the cement is
substituted with Glass Powder (GP) and 15% with
Metakaolin (M), and 1.5% Superplasticizer (SP) is added
to achieve superior workability and durability.

4. RESULTS AND DISCUSSION

4.1 COMPRESSIVE STRENGTH OF CONCRETE

The compressive strength of concrete mixes, both with
and without partial replacement materials and
admixtures, was evaluated at 7 days and 28 days of
curing. The compressive strength tests were performed
with a Compression Testing Machine The measured
strengths of all concrete samples were documented and
evaluated in tables

MIX Average Compressive Strength of
Concrete in N/mm?2
7DAYS 28DAYS
MO 28.00 40.83
M1 31.11 42.96
M2 34.74 46.00
M3 33.56 44.59
M4 36.96 48.29
M5 35.59 49.87
M6 37.48 48.82

Table 1: Displays the mean compressive strength
of concrete at different curing periods (N/mm?).
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CHART TCOMPRESSIVE STRENGTH
OF CONCRETE AFTER 7 DAYS AND
28 DAYSITLE
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CHART 1: BAR GRAPH DEPICTING THE COMPRESSIVE
STRENGTH OF CONCRETE

4.2. SPLIT STRENGTH OF CONCRETE

Cylindrical specimens (150x300 mm) were tested for split
tensile strength at 7 and 28 days using a compression
machine. All mixes, including control and modified ones,
showed improved strength over time. Results are shown in
Tables 5.5 to 5.7, while Charts 5.3 and 5.4 present the data in
graphical form.

Table 1: Displays the mean compressive strength of
concrete at different curing periods (N/mm?).

Split Tensile Strength Of Concrete After
7days And 28 Days

m Average Split Tensile strength of concrete  in N/mm2 2EBDAYS
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CHART 2: BAR GRAPH ILLUSTRATING THE SPLIT
TENSILE STRENGTH OF CONCRETE

4.3 FLEXURAL STRENGTH OF CONCRETE

Flexural strength reflects the ability of concrete to resist
bending stresses, which are common in components
such as beams. In this investigation, flexural strength
tests were conducted on concrete samples after 7 and
28 days of curing using a universal testing machine. The
beams tested had dimensions of 150 mm x 150 mm x
750 mm

Table 3 presents the mean flexural strength of
concrete at different curing ages, expressed in N/mm?.

MIX MIX ;
Average Compressive strength of Average Compressive strength
concrete in N/mm? of concrete in N/mm?
7DAYS 28DAYS 7DAYS 28DAYS
MO 2.11 3.92 MO 2.14 3.84
M1 2.48 4.13 M1 2.48 4.05
M2 3.10 4.72 M2 3.04 4.64
M3 2.82 4.27 M3 2.78 4.20
M4 2.58 4.19
M4 2.65 413
M5 2.62 3.98
M5 2.58 3.95
M6 2.28 3.78
M6 2.32 3.74
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CHART 3: A BAR CHART SHOWING THE FLEXURAL
STRENGTH OF CONCRETE

. CONCLUSION

M5 show high compression strength in comparison with
other grades of 7- and 28-days strength 38.59 N/mm? and
49.87N/mm?>,
M2 show high split tensile strength in comparison with
other grades of 7- and 28-days strength 3.10N/mm?. and
4.72N/mm?.

M2 show high flexural strength comparison with other
grades of 7- and 28-days strength 3.04N/mm? and
4.64N/mm?.

Mix M2 and Mix M5 demonstrated the most consistent and
superior performance across all strength parameters.

The use of metakaolin, glass powder, as partial
replacements enhanced the concrete’s mechanical properties

significantly, especially at 28 days.

Although using metakaolin and glass powder can raise
initial costs, the savings in cement, better durability, and
reduced maintenance make these mixes more cost-effective
over time.

vil. Replacing cement with pozzolanic materials reduces carbon

viii.

ix.

emissions, while waste glass powder promotes
sustainability by recycling industrial waste and reducing
landfill use.

20% less cement was used when 10% metakaolin and
10% waste glass powder were substituted for some of the
cement. This resulted in a 15%-20% decrease in CO:
emissions and a 10%—12% decrease in the overall cost of
concrete. As a result, the combination is sustainable for the
environment and profitable.

Using metakaolin and glass powder slightly reduced
workability in some mixes, but this can be managed by
adjusting water or adding superplasticizers to maintain

proper flow.
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