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Concrete is the most widely used construction material in the world, and its performance is largely governed by the type and
quality of aggregates used. The increasing demand for natural coarse aggregates, coupled with the growing concern over construction and
demolition waste, has prompted researchers to explore sustainable alternatives. This study investigates the effect of replacing conventional
coarse aggregate (Natural Aggregate, NA) with Crushed Clay Bricks (CCB) on the compressive strength and density of M20 grade concrete
at replacement levels of 0%, 10%, 20%, 40%, 60%, 80%, and 100% by weight. Standard cube specimens of 150x150x150 mm were cast,
water-cured at 27+ 2°C, and tested at 7 days and 28 days as per 1S 516:1959. Results show that compressive strength decreases progressively
with increasing CCB content; however, replacements up to 20% maintain acceptable strength values meeting M20 requirements (>20 N/mm?
at 28 days). Concrete density also reduces with increasing CCB content, indicating the potential of CCB concrete as a lightweight construction
material.

Compressive Strength; Coarse Aggregate; Crushed Clay Bricks; M20 Grade Concrete; Lightweight Concrete; Partial
Replacement; Sustainable Construction; Density.

Concrete is the most widely used construction material worldwide, forming the backbone of modern civil infrastructure.
It is a heterogeneous mixture of cement, fine aggregate, coarse aggregate, and water, proportioned to achieve the desired strength
and durability. The performance of concrete is strongly influenced by the nature and quality of aggregates, which constitute 60 to
75 percent of the total volume of concrete and govern properties such as strength, workability, dimensional stability, and economy.

Natural coarse aggregates such as crushed granite and gravel are becoming increasingly scarce and expensive due to over-
exploitation of natural resources, environmental regulations on quarrying, and the growing demands of rapid urbanisation.
Simultaneously, the construction and demolition industry generates large quantities of waste materials, including broken and waste
clay bricks, whose disposal poses a significant environmental challenge. Crushed Clay Bricks (CCB), derived from demolished
brick structures and brick manufacturing rejects, are abundantly available, inexpensive, and possess properties — including low
specific gravity and high porosity — that make them suitable candidates as lightweight aggregate in concrete.

Lightweight concrete (LWC), prepared using lightweight aggregates, offers several structural and construction
advantages over normal-weight concrete. These include reduced self-weight, improved thermal and acoustic insulation, lower
seismic inertial mass, reduced member sizes and foundation loads, and the potential for longer spans in structural systems.
Lightweight concrete has been used for over 2,000 years — notably in the construction of the Pantheon in Rome — and continues
to find application in bridge decks, precast panels, floor and roof fills, and marine structures.

Crushed clay bricks exhibit a specific gravity in the range of 1.1 to 2.0, high water absorption (approximately 1.5%),
angular to sub-angular particle shape, and a porous microstructure that provides fire resistance and thermal insulation. While these
properties reduce the unit weight of concrete, they also increase the effective water demand, potentially affecting workability and
strength. The present study experimentally evaluates the influence of CCB as a partial and full replacement for natural coarse
aggregate at levels of 0%, 10%, 20%, 40%, 60%, 80%, and 100% on the compressive strength and density of M20 grade concrete
tested at 7 and 28 days.

The primary objectives of this study are: (i) to characterise the physical properties of crushed clay bricks and natural
aggregates; (ii) to design an M20 grade concrete mix as per 1S 10262:2009; (iii) to cast and test standard cube specimens for
compressive strength at 7 and 28 days; (iv) to evaluate the density variation of concrete with increasing CCB content; and (v) to
identify the optimum and maximum feasible replacement level for structural applications.

Clarke established that tensile strength is an important parameter in lightweight aggregate concrete (LWAC) due to its
role in cracking resistance. He noted that LWAC exhibits lower flexural and splitting tensile strength compared to conventional
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concrete of the same compressive strength, requiring careful consideration in structural design.

Thoren Feldt reported that lightweight aggregate concrete attains approximately 80% of its final strength within 7 days
of casting, significantly faster than conventional concrete, which typically requires 28 to 90 days. This characteristic is beneficial
for accelerated construction schedules.

P.S. Raghu Prasad demonstrated through experimental investigation that natural coarse aggregate outperforms cinder
(crushed clay brick type lightweight aggregate) in compressive strength, with CCB concrete achieving approximately 80% of the
strength of conventional aggregate concrete at corresponding ages of 3, 7, and 21 days. His work confirmed that the use of CCB
reduces both material scarcity and environmental pollution.

M.A. Caldarone and R.G. Burg reported that structural lightweight concrete with air-dry density not exceeding 1850
kg/m3 can develop compressive strengths of up to 20.7 MPa (3000 psi) at 28 days. They demonstrated the feasibility of LWAC
for historical rehabilitation projects, where reduced self-weight is critical.

Owen P.L. noted that the density of structural LWAC ranges from 1400 to 2000 kg/m3, considerably lower than the
approximately 2400 kg/m?3 of normal-weight aggregate concrete. The use of spherical lightweight aggregates further improves
workability and packing efficiency.

N. Siva Linga Rao concluded that a combination of 60% crushed clay bricks and 10% silica fume as a replacement for
natural aggregate achieves the target mean strength of M20 concrete. He also observed that the unit weight of CCB concrete
varies between 1980 and 2000 kg/m3 across different replacement percentages, and density decreases with extended curing
periods.

Prakash Desai, Raghu Prasad, and Bhaskar Desai investigated fracture mechanics of lightweight concrete using double
central notched specimens and finite element analysis. Their work established that lighter materials can be effectively used in
concrete construction with considerable economic advantages, particularly in reducing dead loads and haulage costs.

A. Materials Used

Ordinary Portland Cement (OPC) of 53 Grade conforming to IS 8112 was used throughout. Its 28-day compressive
strength is 53 N/mmz2 and specific surface area is 295 m?/kg. The specific gravity of cement is 3.15 and fineness (residue on 90
um sieve) is 10%.

Fine aggregate used was locally available river sand conforming to Grading Zone Il of IS 383:1970. It was screened to
remove oversize particles and waste. The specific gravity of fine aggregate is 2.67, fineness modulus is 2.97, and maximum %
of bulking is 40% at 5% moisture content.

Natural Coarse Aggregate (NA) used was crushed granite stone of 20 mm maximum size, conforming to IS 383:1970.
The specific gravity is 2.70, fineness modulus is 6.52, and water absorption is 0.6%. Flakiness and elongation indices were
maintained below 15%.

Crushed Clay Bricks (CCB) were obtained by manually crushing locally sourced clay bricks. The CCB particles have a
specific gravity of 1.1 to 2.0, water absorption of 1.5%, angular particle shape with rough surface texture, and a porous
microstructure. Their low specific gravity and high absorption are key differentiating properties from natural aggregate. Potable
water free from deleterious impurities was used for both mixing and curing.

B. Mix Design

Mix design was carried out as per 1S 10262:2009 for M20 grade concrete. Design stipulations: characteristic compressive
strength =20 N/mm?2 at 28 days; maximum aggregate size = 20 mm; degree of workability = 0.90 (compaction factor); degree of
quality control = Good; exposure condition = Mild.

Target mean strength = 20 + 1.65 x 4.6 = 27.59 N/mmz2. From IS 10262 charts, the selected water-cement ratio = 0.50.
After adjustments for compacting factor and zone-11 sand, the final mix proportions per cubic metre were: Water = 191.58 kg,
Cement = 383.16 kg, Fine Aggregate = 588.10 kg, Coarse Aggregate = 1196.66 kg. The mix proportion is 0.5:1: 1.44 : 3.12
(W:C:FA:CA).

Constituent Quantity (kg/m?3) Mix Ratio
Water 191.58 0.50
Cement (OPC 53G) 383.16 1.00
Fine Aggregate 588.10 1.44
Coarse Aggregate 1196.66 3.12

Table 1: M20 Grade Mix Proportions (per m3)

C. Specimen Preparation and Testing

Seven concrete mixes were prepared, replacing NA with CCB at 0%, 10%, 20%, 40%, 60%, 80%, and 100% by weight
of coarse aggregate. For each mix, three standard cube specimens of 150x150x150 mm were cast per 1S 516:1959. Fresh concrete
was placed in moulds in three layers, each compacted 25 times with a tamping rod. Specimens were demoulded after 24 hours
and submerged in water at 27+ 2°C for curing. Testing was conducted at 7 days and 28 days.
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Compressive strength was determined using a 2000 kN capacity Compression Testing Machine (CTM) as per IS
516:1959. Density of each cube was calculated as: p = (mass of cube) / (volume of cube), where volume = 150x150x150 mm.

Workability was assessed on fresh concrete using the Slump Cone Test (IS 7320) and Compaction Factor Test (1S 1199).

Property OPC 53G Cement Fine Aggregate Coarse(’ﬁ\g?regate Crushe?c%lg))/ BT
Specific Gravity 3.15 2.67 2.70 1.1-20
Fineness Modulus — 2.97 6.52 —
Water Absorption (%) — — 0.6 1.5
Max. Bulking (%) — 40 — —
Fineness / Sieve 10% Zone-ll 20 mm <20 mm

Table 2: Physical Properties of Materials Used

D. Workability Results
Compaction factor and slump cone tests were performed on fresh concrete for all seven mixes. Results are summarised
in Tables 3 and 4.

S.No % CCB Replacement Compaction Factor
1 0% 0.97
2 10% 0.96
3 20% 0.95
4 40% 0.94
5 60% 0.92
6 80% 0.89
7 100% 0.87
Table 3: Compaction Factor Values at Different CCB Replacement Levels
S.No % CCB Replacement Slump (mm)
1 0% 90
2 10% 70
3 20% 80
4 40% 100
5 60% 120
6 80% 125
7 100% 130

Table 4: Slump Values at Different CCB Replacement Levels

A. Compressive Strength Results
The average compressive strength values obtained at 7 days and 28 days for all replacement levels are summarised in
Tables 5 and 6. For each percentage, three cube specimens were tested and the average value is reported.

S.No % CCB Replacement | Avg. Compressive Strength (MPa) | % Variation w.r.t. Control
1 0% 24.22 —
2 10% 23.56 -2.73
3 20% 22.90 =5.45
4 40% 22.20 —8.34
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5 60% 22.00 -9.17
6 80% 21.70 —10.40
7 100% 20.00 —17.43

Table 5: Overall Compressive Strength at 7 Days — M20 Grade CCB Concrete

3000%
2500%

2000%
1500%
1000%
500%
0% — — - — -
1 2 3 4 5 6 7

W % CCB Replacement M Avg. Compressive Strength (MPa) ® % Variation w.r.t. Control

Graph 1: Overall Compressive Strength at 7 Days — M20 Grade CCB Concrete

S.No % CCB Replacement  Avg. Compressive Strength (MPa) % Variation w.r.t. Control

1 0% 42.00 —

2 10% 38.06 —9.38
3 20% 30.33 -27.79
4 40% 27.20 —35.24
5 60% 21.80 —48.10
6 80% 20.30 -51.67
7 100% 20.00 —-52.38

Table 6: Overall Compressive Strength at 28 Days — M20 Grade CCB Concrete
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Graph 2 Overall Compressive Strength at 28 Days — M20 Grade CCB Concrete

The control mix (0% CCB) achieved the highest 28-day compressive strength of 42.00 MPa, well above the M20
characteristic value of 20 N/mmz2. With 10% CCB replacement, strength reduced marginally to 38.06 MPa — a decrease of 9.38%
— which still comfortably exceeds M20 requirements. At 20% replacement, strength fell to 30.33 MPa (—27.79%)), still exceeding
the M20 threshold. Beyond 20%, the strength decline accelerates: 40% CCB gives 27.20 MPa, 60% gives 21.80 MPa, and 80%
gives 20.30 MPa. The 100% CCB mix achieves exactly 20.00 MPa at 28 days — the minimum M20 requirement — but with
virtually no safety margin.

At 7 days, the strength decline with increasing CCB content is less pronounced. The control records 24.22 MPa while
100% CCB achieves 20.00 MPa — a reduction of 17.43%. This relatively gradual early-age strength reduction is consistent with
the observation by Thoren Feldt that lightweight aggregate concrete gains strength rapidly in the early days due to the internal
curing effect of water stored in the porous CCB particles.

The progressive strength reduction with increasing CCB replacement is primarily attributed to two characteristics of
crushed clay bricks: (i) higher water absorption (1.5% vs. 0.6% for NA), which increases the effective water demand and raises
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the local wic ratio around aggregate particles, increasing microstructural porosity; and (ii) lower specific gravity (1.1-2.0 vs. 2.70
for NA), which results in weaker aggregate particles that fracture preferentially before the cement paste matrix, reducing overall
concrete strength.

B. Density Results
The density of CCB concrete decreases systematically with increasing brick aggregate content, as shown in Tables 7 and
8. This is a direct consequence of the lower specific gravity of CCB compared to natural granite aggregate.

S.No | % CCB Replacement Avg. Density (kg/m3) Density Category
1 0% 2.36 Normal weight
2 10% 2.33 Normal weight
3 20% 2.26 Normal weight
4 40% 214 Borderline
5 60% 2.06 Lightweight
6 80% 2.00 Lightweight
7 100% 1.82 Lightweight

Table 7: Average Density of M20 CCB Concrete at 7 Days (kg/m?3)
250%
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B % CCB Replacement M Avg. Density (kg/m?3) Density Category

Graph 3: Average Density of M20 CCB Concrete at 7 Days (kg/m3)

S.No | % CCB Replacement Avg. Density (kg/m3) Density Category
1 0% 2.50 Normal weight
2 10% 2.44 Normal weight
3 20% 2.35 Normal weight
4 40% 2.24 Borderline
5 60% 2.18 Lightweight
6 80% 211 Lightweight
7 100% 2.03 Lightweight

The control concrete density at 7 days is 2.36 kg/m3 (2360 kg/m?), within the normal-weight range. As CCB content
increases, density reduces steadily to 1.82 kg/m3 (1820 kg/m?3) at 100% replacement at 7 days — a reduction of 22.9% from the
control. At 28 days, the density ranges from 2.50 kg/m3 (control) to 2.03 kg/m3 (100% CCB). The lower density at 7 days
compared to 28 days is consistent with ongoing hydration and densification of the cement paste matrix. At 60% and above CCB
replacement, the 28-day density falls below 2200 kg/m3, qualifying these mixes as lightweight concrete per IS 3809. This density
reduction translates directly to reduced dead loads, smaller structural members, and lower foundation costs in practical
applications.

C. Workability Discussion

The compaction factor decreased progressively from 0.97 (0% CCB) to 0.87 (100% CCB), indicating a slight reduction
in workability with increasing brick aggregate content. This reduction is attributed to the rough, angular surface texture of CCB
particles, which increases inter-particle friction and reduces flowability. Despite this, all mixes maintained compaction factor
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values above 0.85, indicating medium-to-good workability suitable for normal compaction with mechanical vibration.

In contrast, slump values showed an increasing trend with higher CCB content: 90 mm at 0% CCB, declining briefly to
70 mm at 10%, then increasing from 80 mm (20%) to 130 mm (100%). The initial decrease at 10% CCB may reflect the higher
water absorption of brick particles removing free water from the mix. Beyond 20%, the increased slump is attributed to the lighter,
less dense brick particles offering less resistance to settlement within the fresh concrete mass, rather than a true increase in water
content.

D. Summary of Results

% CCB Compress(i,:’/lepit)rength it Compzrgffi(‘ﬁ PS;; ength | pensity 7d (kg/m?) | Density 28d (kg/m?)

0% 24.22 42.00 2360 2500

10% 23.56 38.06 2330 2440

20% 22.90 30.33 2260 2350

40% 22.20 27.20 2140 2240

60% 22.00 21.80 2060 2180

80% 21.70 20.30 2000 2110
100% 20.00 20.00 1820 2030

Table 9: Summary — Compressive Strength and Density of CCB Concrete at 28 Days

3000
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10% 20% 40% 60% 80% 100%

B Compressive Strength 7d (MPa) B Compressive Strength 28d (MPa)
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graph 4: Summary — Compressive Strength and Density of CCB Concrete at 28 Days

Based on the experimental investigation on M20 grade concrete with Crushed Clay Bricks as a coarse aggregate
replacement, the following conclusions are drawn:

« Compressive strength of M20 concrete decreases progressively with increasing replacement of natural coarse aggregate by
crushed clay bricks, due to the higher water absorption (1.5%) and lower specific gravity (1.1-2.0) of CCB compared to
natural granite aggregate.

* At 10% CCB replacement, 28-day compressive strength is 38.06 MPa — only 9.38% below the control (42.00 MPa) — and
well above the M20 minimum. At 20% replacement, strength is 30.33 MPa, still comfortably exceeding M20 requirements.
Replacement up to 20% is recommended for structural applications.

+ At 60% CCB replacement, 28-day strength of 21.80 MPa and at 80%, 20.30 MPa — both marginally above the M20
minimum — indicate feasibility for low-to-medium load-bearing applications with suitable quality control. At 100%
replacement, strength of 20.00 MPa meets the bare minimum M20 requirement.

» Concrete density decreases systematically with increasing CCB content, from 2360 kg/m3 (0% CCB) to 1820 kg/m?3 (100%
CCB) at 7 days, and from 2500 kg/m? to 2030 kg/m?* at 28 days. Mixes with >60% CCB qualify as lightweight concrete,
offering advantages in dead load reduction.

»  Compaction factor decreased marginally from 0.97 to 0.87 across the replacement range, remaining within the medium-to-
good workability zone. Slump values increased beyond 20% replacement, indicating changes in fresh concrete cohesiveness
at higher brick aggregate content.

»  The use of crushed clay bricks — an industrial and demolition waste material — as a partial replacement for natural coarse
aggregate promotes sustainable construction, reduces environmental pollution from brick waste, conserves natural aggregate
resources, and lowers the unit weight of structural concrete.

The present study can be extended in the following directions:
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8.

9.

The combined effect of Crushed Clay Bricks with chemical admixtures (superplasticisers) or supplementary cementitious
materials (silica fume, fly ash, GGBS) can be investigated to improve strength and workability of high-replacement mixes (40—
100% CCB).

Durability tests such as water absorption, rapid chloride permeability, carbonation depth, and sulphate resistance can be
conducted to assess long-term performance of CCB concrete in aggressive environments.

Split tensile strength, flexural strength, and modulus of elasticity of CCB concrete can be determined to provide a
comprehensive structural characterisation for design purposes.

The study can be extended to higher grades of concrete (M25, M30) incorporating pre-soaked CCB to mitigate the high water
absorption effect of brick aggregate and improve compressive strength.

Thermal insulation, fire resistance, and acoustic performance of CCB concrete panels can be evaluated to explore applications
in non-structural and partition wall elements.

Life cycle assessment (LCA) and cost-benefit analysis of CCB concrete compared to conventional aggregate concrete can be
carried out to quantify economic and environmental benefits.
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