
 CHALLENGE JOURNAL OF CONCRETE RESEARCH LETTERS (2026) 17(1) 41–56 41 

 

 

 
* Corresponding author. E-mail address: mahesh.bhatt@ku.edu.np (M. R. Bhatt)   

ISSN: 2548-0928 / DOI: https://doi.org/10.20528/cjcrl.2026.01.004 

Research Article 

Mechanical properties assessment of recycled  

brick aggregate concrete using demolition waste  

from century-old masonry buildings in Nepal 

Bipul Niroula a , Mahesh Raj Bhatt a,*  

a Department of Civil Engineering, Kathmandu University, 54200 Dhulikhel-Kavre, Nepal 

 

A B S T R A C T 

This study explores the potential of recycling bricks from dismantled old buildings 

into brick aggregates and utilizing them as coarse aggregates in recycled brick aggre-

gate concrete. Nepal, being susceptible to seismic events, generates large amounts of 
construction debris, with bricks being a major portion of this, which is mainly dis-

posed of through landfilling. Additionally, the increasing use of reinforced cement 

concrete construction has been significant, which poses a toll on natural aggregate 

resources, resulting in the depletion of finite resources. To address these issues, this 

study focuses on recycling bricks as coarse aggregates in concrete. An experimental 

approach was adopted to determine properties of bricks and concrete ingredients, 

including cement, sand, brick aggregates, and coarse aggregates. The mechanical and 

physical properties of concrete, that is, compressive, split-tensile, and flexural 

strengths were studied by replacing natural coarse aggregates with recycled crushed 

brick aggregates at different percentages (0%, 10%, 20%, 30%, and 100%), denoted 

as B0%, B10%, B20%, B30% and B100%, respectively. Meanwhile, ultrasonic pulse 

velocity was performed to determine the quality of recycled brick aggregate con-
crete. With respect to the control mix (B0%), percentage decrease in compressive 

strength, tensile strength, and flexural strength for B10% and B100% are 0.72% and 

28.26%, 4.68% and 25.16%, and 2.95% and 7.58%, respectively. From the ultrasonic 

pulse velocity, all mixes except B100% had excellent quality as per Indian Standards. 

Results highlight that recycled brick aggregate seems suitable up to 30% replace-

ment, considering the strength decrement in compressive and flexural strengths rel-

ative to the control mix. 
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1. Introduction 

The devastating Gorkha earthquake of 7.6 magnitude 
occurred on April 25, 2015, followed by a series of after-
shocks, including a major 6.8 magnitude aftershock on 
May 12, 2015 (National Planning Commission 2015). 
The earthquake resulted in 3.23 million tons of potential 
debris in the core city area of the Kathmandu Valley, of 
which 1.07 million tons were cleared, 0.63 mil-lion tons 

were disposed of on riverbanks and in open spaces, and 
the remaining 0.44 million tons were salvaged for reuse, 
recycling, or disposal in isolated areas (Poudel et al. 
2019). The debris was further classified, and brick/stone 
accounted for 74.66% of the total debris (Poudel et al. 
2019). Currently, about 82.90% of total houses in Nepal 
are built with brick/stone bonded in mud or cement 
mortar for outer walls (Central Bureau of Statistics 
2021). 
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Globally, increasing concrete production affects water 
consumption, natural aggregate use, and cement produc-
tion. In 2017, the production of natural aggregates was 
about 45 billion tons, and it was estimated to rise to 65 
billion tons by 2025 (De Brito et al. 2019). The construc-
tion industry consumes around 40% of global resources, 
and one third of this is aggregates used in cement-based 
products (Pacheco-Torgal 2017). In Nepal, based on the 
number of households, reinforced concrete (RC) build-
ings have increased tremendously by 63.9% within a 
span of ten years from 2011 to 2021 (Central Bureau of 
Statistics 2021). This rapid growth has substantially in-
creased the demand for natural aggregates, resulting in 
rampant extraction of natural aggregates, degradation of 
natural landscapes, depletion of finite natural resources, 
and escalating construction costs. Simultaneously, the 
disposal of building debris along riverbanks, open 
spaces, and landfilling has led to land pollution, degrada-
tion of the city landscape, a shortage of landfilling areas, 
and increased landfilling charges (Poudel et al. 2019). 

Construction debris, such as concrete, bricks, and 
stones, is not organic waste and thus cannot decompose 
naturally (Gyawali 2022). The common practice is dis-
posal by landfilling or dumping it in open spaces, which 
has a significant impact on the environment and human 
health. In the United States, recycling one ton of con-
crete, brick, and block costs approximately $21 per ton, 
while landfilling costs approximately $136 per ton (Len-
non 2005). Recycling such construction debris as aggre-
gates can help preserve finite natural resources, reduce 
waste, landfill sites, and improve economic efficiency. 
The first significant use of crushed brick aggregates in 
new concrete was for reconstruction during the Second 
World War, while its first documented use dates back to 
1860 in Germany, for manufacturing concrete products 
(Adamson et al. 2015). 

Several studies have investigated the mechanical per-
formance of concrete utilizing recycled brick aggregates. 
De Brito et al. (2005) found a 22% and 45% decrement 
in compressive strength at 33% and 100% natural ag-
gregate replacement, respectively. Debieb and Kenai 
(2008) reported a 20% to 35% reduction in strength 
when both coarse and fine aggregates were replaced 
with crushed brick aggregates. Cachim (2009) studied 
the mechanical properties of recycled brick aggregate 
concrete (RBAC) using bricks from two sources at two 
water-cement ratios and reported that higher-density 
brick aggregate yielded better compressive and tensile 
strengths. Aliabdo et al. (2014) reported increased com-
pressive strength at 25% fine aggregate replacement, 
while all other mixes resulted in reduced compressive 
and tensile strength. Bhanbhro et al. (2014) reported a 
37% decrease in compressive strength at 100% replace-
ment. Hachemi et al. (2022) found that replacing 20% of 
both coarse and fine aggregates in concrete improved 
compressive strength and density. Gyawali (2022) re-
ported an increase in compressive strength when oven-
dried brick aggregates at 20% was replaced with natural 
coarse aggregates. Aboalella and Elmalky (2023) ob-
served increased compressive, tensile, and flexural 
strength at 50% fine aggregate replacement with 
crushed brick and 50% coarse aggregate replacement 
with recycled concrete. Bhatta et al. (2024) found com-
parable compressive strength to the control mix at 20% 
replacement, highlighting its potential for construction 

applications. Basit et al. (2024) studied the structural 
performance of concrete using recycled concrete aggre-
gates (RCA) and recycled brick aggregates (RBA). Mod-
est decreases in compressive strength were observed 
when coarse aggregates were replaced, while RCAs 
showed better bond performance, and 50% natural ag-
gregate replacement showed comparable performance 
to the control mix in flexure tests. Şamdan et al. (2024) 
studied the use of crushed brick clay as a replacement for 
coarse and medium aggregate in concrete at several re-
placement levels and found that such replacement de-
creased compressive strength and modulus of elasticity 
by up to 66%. Poudel et al. (2025) studied on enhancing 
the mechanical performance of recycled aggregate con-
crete using glass fibers with fly ash and found that 20% 
fly ash with 0.5% fibers provided balanced mechanical 
performance suitable for low-grade structural applica-
tions. Bajracharya et al. (2025) explored recycling old 
concrete as aggregates into concrete. They found that 
50% replacement achieved strength comparable to con-
ventional concrete, and also suggested that recycled con-
crete aggregates are socially, economically, and techni-
cally viable based on the sustainability index. Khadka et 
al. (2025) found a decrease in compressive strength of 
34% to 39% when replacing natural coarse aggregates 
with brick aggregates at 100%, and also developed pre-
dictive relationships for concrete compressive strength 
based on rebound hammer tests.  

Although numerous studies have investigated the use 
of recycled brick aggregates as coarse and fine aggre-
gates in concrete, most have focused on recycled aggre-
gates obtained from relatively recent brick waste. Lim-
ited attention has been given to aggregates produced 
from century-old bricks. Brick aggregates derived from 
such old bricks may exhibit distinct mechanical and 
physical characteristics due to prolonged environmental 
exposure, aging, and material degradation. This study 
experimentally evaluates the mechanical properties of 
recycled brick aggregate concrete (RBAC) produced us-
ing brick aggregates derived from a dismantled century-
old masonry building as a partial to full replacement of 
natural coarse aggregates. The experimental program 
was conducted using M20 grade concrete, where M rep-
resents the mix and the following number 20 represents 
the specified compressive strength in MPa measured on 
a 150 mm cube. The M20 grade concrete was selected 
because it is widely used in Nepal for low-rise residential 
and other structures, and represents the minimum 
standard for reinforced concrete construction under In-
dian Standards. 

The novelty of this research lies in the utilization of 
brick aggregates derived from century-old bricks ex-
posed to long-term environmental exposure and aging, 
while comparing the properties of brick, brick aggre-
gates, and recycled concrete with properties of modern 
and historic bricks from existing literature. Further-
more, the study compares aggregate-level quality indica-
tors in relation to concrete performance and examines 
the feasibility of partial replacement of natural coarse 
aggregates under material constraints relevant to devel-
oping countries. This research is particularly relevant in 
the Nepalese context, where bricks have been histori-
cally used in structures such as load-bearing masonry 
buildings, arch bridges, and partition walls. With aging 
infrastructure, seismic vulnerability, and ongoing expan-
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sion projects such as highway widening, large values of 
historic brick masonry are expected to be dismantled or 
demolished; however, systematic disposal or recycling 
practices remain largely absent. 

 

2.  Experimental Program 

The experimental program comprised testing five 
concrete mixes with different percentages of recycled 
crushed brick aggregates, ranging from partial to full re-
placements of natural coarse aggregates. The replace-
ment levels considered were 0%, 10%, 20%, 30%, and 
100%, designated as B0% (control mix), B10%, B20%, 
B30%, and B100%, respectively. A total of 55 specimens 
were cast to evaluate compressive strength, splitting 
tensile strength, and flexural strength tests. Physical and 
mechanical tests of the constituent materials of concrete 
were also conducted and subsequently used for the de-
sign mix of concrete mixes. All experiments and tests in 
this study were carried out in accordance with Indian 
Standards (IS) at the Material Testing Laboratory of 
Kathmandu University, Dhulikhel, Nepal, and Nepal En-
gineering Lab Pvt. Ltd., Banepa, Nepal. 

2.1.  Materials 

Ordinary Portland Cement (OPC) of 43 grade, with a 
specific gravity of 3.06, was used for the preparation of 
all concrete specimens. Physical tests for hydraulic ce-
ment were performed as per IS 4031 (Part 1) (1996), IS 
4031 (Part 4) (1988), and IS 4031 (Part 11) (1988). The 
results from various tests performed on cement are pre-
sented in Table 1.  

Table 1. Properties of cement. 

Properties Results 
IS 4031 limits  

(parts 1, 4, and 11) 

Specific gravity 3.06 ‒ 

Consistency 32% ‒ 

Fineness 0.80% < 10% 

 

A well-graded sand passing a 4.75 mm sieve has been 
used as fine aggregate for the preparation of concrete. 
Tests for water absorption and specific gravity were per-
formed as per IS 2386 (Part 3) (1963), while sieve anal-
ysis was carried out following IS 2386 (Part 1) (1963). 
The sand conformed to zone II and satisfied the grade 
limits conforming to IS 383 (2016). The results of physi-
cal tests of natural fine aggregate are tabulated in Table 
6, while the particle size distribution and particle size 
distribution curve are presented in Table 2 and Fig. 1.  

Table 2. Particle size distribution of  
natural fine aggregate (NFA). 

Sieve size (mm) % Passing 
IS 383 (2016) limits  

(% passing) 

4.75 100 90‒100 

2.36 86 75‒100 

1.18 74 55‒90 

0.60 54 35‒59 

0.30 26 8‒30 

0.15 9 0‒10 

 

Fig. 1. Particle size distribution curve for natural fine aggregates.

Both natural coarse aggregates (NCA) and recycled 
crushed brick aggregates (RCBA) were tested for specific 
gravity, water absorption, Los Angeles abrasion value 
(LAAV), and aggregate impact value (AIV). Brick aggre-
gates were prepared by manually crushing bricks from a 
dismantled century-old masonry building located at 

Sangha, Kabhrepalanchok, Nepal. The preparation pro-
cess of brick aggregate is illustrated in Fig. 2.  

The century-old masonry building from which the 
bricks were collected and subsequently crushed into 
brick aggregates is shown in Fig. 3.  
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Fig. 2. Preparation process of brick aggregate. 

           

Fig. 3. Collection of bricks and brick aggregates: (a) Century-old brick masonry building located at Sangha, Kabhrepalan-
chok, Nepal; (b) Dismantled brick from masonry building; (c) Crushed brick aggregates prepared in laboratory.

The specific gravity and water absorption tests were 
carried out following IS 2386 (Part 3) (1963), while the 
Los Angeles abrasion test and aggregate impact value 
test were performed as per IS 2386 (Part 4) (1963). The 
sieve analysis was conducted following IS 2386 (Part 1) 
(1963). Both NCA and RCBA were well graded as per IS 
383 (2016). The Los Angeles abrasion value (LAAV) and 
aggregate impact value (AIV) of NCA were within the 
permissible limits for concrete applications in non-
wearing surface (LAAV ≤ 45% and AIV ≤ 50%), whereas 
RCBA exhibited values exceeding the limits specified in 
IS 383 (2016). The particle size distributions of NCA 
and RCBA are presented in Tables 3 and 4. The particle 

size distribution curve for NCA and RCBA is shown in 
Fig. 4.  

The results from the physical and mechanical tests of 
the aggregates are compared in Table 5. 

The bricks used for the preparation of brick aggre-
gates were approximately a century old, as confirmed by 
local residents. These bricks were salvaged from a dis-
mantled masonry building constructed using mud mor-
tar. Adhered mud mortar was scraped off and cleaned 
before crushing the bricks into aggregates. The physical 
and mechanical properties of the bricks were deter-
mined in accordance with IS 1077 (1992), and the test 
results are summarized in Table 6.

Table 3. Particle size distribution of natural coarse aggregate (NCA). 

Sieve size (mm)  % Passing 
IS 383 (2016) limits  

(% passing) 

20 100 90‒100 

10 25 25‒55 

4.75 1 0‒10 

Table 4. Particle size distribution of recycled crushed brick aggregate (RCBA). 

Sieve size (mm) % Passing 
IS 383 (2016) limits  

(% passing) 

20 100 90‒100 

10 29 25‒55 

4.75 1 0‒10 

Collection of 
brick wastes

Cleaning 
mortar and 

dirt adhering 
to bricks

Manual 
crushing of 

brick wastes  
using hammer

Sieving brick 
aggregates to 
required size

Ready for use 
in concrete

(a) (b) (c) 
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Fig. 4. Particle size distribution curve for natural coarse aggregates and recycled crushed brick aggregate. 

Table 5. Test results of aggregates. 

Materials 
Specific  
gravity 

Water  
absorption 

Open  
porosity 

Apparent  
density (kg/m3) 

Los-Angeles  
abrasion value 

Aggregate  
impact value 

Natural fine aggregate 2.62 1.00% ‒ 2623.02 ‒ ‒ 

Natural coarse aggregate 2.71 0.60% 1.63% 2702.48 35.60% 15.04% 

Recycled crushed brick aggregate 1.61 15.25% 28.94% 2219.46 59.20% 52.94% 

Table 6. Experimental results for properties of bricks. 

Description Values 

Water absorption (%) 19.51 

Apparent porosity (%) 31.12 

Bulk dry density (kg/m3) 1597.17 

Compressive strength (N/mm2) 4.41 

Ultrasonic pulse velocity (UPV) (m/s) 1363.91 

2.2. Mix design and preparation 

The concrete mix design consisted of five mixes at 
varying levels of RCBA replacement as coarse aggregate 
in M20 grade concrete with a water-cement ratio (W/C) 
of 0.5. The mixes included B0% (control mix), B10%, 
B20%, B30%, and B100% at 10%, 20%, 30%, and 100% 
replacement of natural coarse aggregates with recycled 
crushed brick aggregates by weight, respectively. Mix 
design calculations were performed following IS 10262 
(2019), and the details are presented in Table 7.

Table 7. Proportioning of materials as per the mix design. 

Concrete mix B0% B10% B20% B30% B100% 

Cement (kg/m3) 383 383 383 383 383 

Water (kg/m3) 191.58 191.58 191.58 191.58 191.58 

Total water-cement ratio 0.535 0.534 0.532 0.53 0.518 

Effective water-cement ratio 0.5 0.5 0.5 0.5 0.5 

Natural fine aggregate in SSD (kg/m3) 689.58 689.58 689.58 689.58 689.58 

Natural coarse aggregate in SSD (kg/m3) 1115.63 1004.07 892.5 780.94 0 

Recycled crushed brick aggregate in SSD (kg/m3) 0 66.28 132.56 198.84 662.79 

SSD = Saturated Surface Dry

All mixes were prepared with a constant cement con-
tent of 383 kg/m3 and designed to achieve a slump of 75 
mm, corresponding to medium workability commonly 
adopted in general construction practice. 

To address workability issues, natural fine aggregates 
(NFA) and natural coarse aggregates (NCA) were 
washed and oven-dried at 105 ˚C for 24 hours. The addi-
tional water required to reach saturated surface dry con-
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ditions for NFA and NCA was added during mixing. RCBA 
was pre-soaked for 2 hours and then dried to saturated 
surface dry (SSD) condition before mixing. This proce-
dure was adopted to prevent the highly porous RCBA 
from absorbing water required for the hydration of ce-
ment. The pre-wetting duration of 2 hours was selected 
because RCBA absorbs most of the water during the ini-
tial few minutes. The additional water required was cal-

culated based on the water absorption of the coarse and 
fine aggregates. Consequently, the effective water-ce-
ment ratio was maintained at 0.5 while the total water-
cement ratio varied from 0.518 to 0.535 depending on the 
replacement percentage. The total water-cement ratio ex-
cludes the water required for pre-saturation of brick ag-
gregates. Preparation of materials, mixing, casting, and 
curing of concrete for all mixes are illustrated in Fig. 5.

                 

Fig. 5. Preparation process of concrete: (a) Preparation of materials; (b) Mixing of concrete;  
(c) Casting of concrete specimens; (d) Curing of concrete specimens.

2.3.  Test specimens and procedure 

Concrete cubes of dimensions 150 mm x 150 mm x 
150 mm were cast for compressive strength testing, 
while cylindrical specimens of 150 mm diameter and 
300 mm height were used for splitting tensile strength 
tests. Similarly, beam specimens measuring 500 mm x 
100 mm x 100 mm were cast to evaluate the flexural 
strength of concrete. Batching, mixing, and casting were 
done in accordance with relevant Indian Standards. Af-
ter casting, the concrete specimens were demolded after 
24 hours and cured by immersion in a curing pond at a 
temperature of 23 ± 2 ˚C until the time of testing. All me-
chanical tests were conducted at 28 days in accordance 
with IS 516 (Part I/Sec 1) (2021). The tests were per-
formed on calibration-certified testing machines, and 
the alignment of loading platens was also checked before 
testing. Error bars were calculated based on the stand-
ard deviation obtained from the total number of speci-
mens tested for each mix. Furthermore, the variability of 
test results was assessed using the coefficient of varia-
tion (CoV), calculated as the ratio of standard deviation 
to mean value. The number of specimens for each mix 
complied with IS 456 (2000), which specifies a minimum 
of three specimens per sample, and the number of spec-
imens per mix used in this study is consistent with inves-
tigations on recycled brick aggregate concrete (De Brito 
et al. 2005; Adamson et al. 2015). The number of speci-
mens prepared for each mix and for different testing is 
shown in Table 8. 

2.4. Non-destructive test 

Ultrasonic pulse velocity (UPV) test was conducted on 
concrete cubes before compression strength testing at 
28 days. The tests were performed using the direct 
transmission method on the cubes in SSD conditions, ap-
proximately one hour after removal from the curing 
pond. The time taken by the pulse to travel through the 
cube was measured. The ultrasonic pulse velocity was 
calculated by dividing the travel path length by the meas-
ured time. The device used for the UPV test was RTUL 

UX460X, and the calibration of the device was done by 
observing the time required for the pulse to travel 
through a standard prism of known time. The UPV was 
compared against the limits specified by IS 516 (Part 
5/Sec 1) (2018) to determine the quality of the concrete. 
The direct method of the ultrasonic pulse velocity test 
performed on a concrete cube is shown in Fig. 6. 

Table 8. Number of experimental specimens prepared. 

 Number of specimens 

 
Concrete  

cubes 
Concrete  
cylinders 

Concrete  
beams 

B0% (control mix) 5 3 3 

B10% 5 3 3 

B20% 6 3 3 

B30% 6 3 3 

B100% 3 3 3 

Total 25 15 15 

 

Fig. 6. Ultrasonic pulse velocity test  
on a concrete cube using the direct method. 

(a) (b) (c) (d) 
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3. Results and Discussion 

3.1. Bricks and brick aggregates 

The bricks used in this study were collected from a 
century-old dismantled masonry building and subse-
quently crushed to produce recycled crushed brick ag-
gregates. The bricks exhibited an average compressive 
strength of 4.41 MPa and a water absorption of 19.51%. 
According to IS 1077 (1992), these bricks can be classi-
fied as Class 3.5 bricks based on their compressive 
strength and water absorption. The UPV of the century-
old bricks was evaluated against the quality assessment 
criteria for burnt clay bricks by Azam et al. (2022). The 
measured pulse velocity was below 2000 m/s, indicating 
poor brick quality and further corroborating the classifi-
cation based on mechanical properties. 

The physical and mechanical properties of the cen-
tury-old bricks used in this study are consistent with 
those reported for historic and ancient bricks in the lit-
erature. Studies on historic bricks in Nepal have re-
ported dry density values ranging from 1.2 to 1.8 g/cm3, 
water absorption of 10 to 28%, apparent porosity of 17 
to 33%, and compressive strength of 3.49 to 26.9 MPa 
(Parajuli 2012; Parajuli et al. 2020; Bhattarai et al. 2018). 
Similarly, studies on modern bricks in Nepal have re-
ported dry density values of 1.1 to 2.82 g/cm3, water ab-
sorption of 5 to 30%, apparent porosity of 10 to 53.99%, 
and compressive strength of 3.35 to 23.49 MPa (Chapa-
gain et al. 2020; Bohara et al. 2020; Subedi 2020; Shrestha, 
2019; Khanal and Paudel, 2023; Thapaliya et al. 2024). 

A comparative summary of physical and mechanical 
properties for modern bricks, old bricks, and bricks used 
in this study is presented in Table 9.

Table 9. Physical and mechanical properties of modern and old bricks of Nepal. 

Author 
Water  

absorption (%) 
Compressive  

strength (MPa) 
Apparent  

porosity (%) 
Dry density  

(g/cm3) 
Remarks 

Parajuli (2012) ‒ 11.03 ‒ 1.77 
Historical bricks from  
Patan Durbar Square 

Bhattarai et al. (2018) 10 to 28% 5.00 to 23.00 17 to 33% 1.2 to 1.8 Ancient brick of Nepal 

Shrestha (2019) 8.8 to 23.93% 7.83 to 22.1 19.28 to 53.99% 1.55 to 2.82 Modern bricks 

Bohara et al. (2020) 11 to 23% 15.6 to 17.1 19 to 37% 1.5 to 1.65 Modern bricks 

Chapagain et al. (2020) 5 to 30% 3.35 to 10.53 10 to 40% 1.1 to 2.15 Modern bricks 

Subedi (2020) 4 to 12% 3.72 to 20.16 - 1.34 to 1.82 Modern bricks 

Parajuli et al. (2020) 13 to 18% 3.49 to 26.90 ‒ ‒ 
Historical bricks from  
Shreemahal and Singhadurbar 

Khanal and Paudel (2023) 9.36 to 16.89% 7.02 to 23.49 18.25 to 27.95 1.65 to 1.949 Modern bricks 

Thapaliya et al. (2024) 6 to 25% 8.6 to 15  1 to 2 Modern bricks 

This study 19.51% 4.41 31.12% 1.6 Century-old brick 

The physical and mechanical properties of recycled 
crushed brick aggregates (RCBA) were further com-
pared with those reported in previous studies (Debieb 
and Kenai 2008; Aliabdo et al. 2014; Gyawali 2022; 
Hachemi et al. 2022; Cachim 2009; Adamson et al. 2015). 
These studies reported water absorption values ranging 
from 1.79 to 20%, specific gravity from 2.04 to 2.40, po-
rosity from 9.5 to 38.82%, and Los Angeles abrasion val-
ues between 30.06 to 31.6%.  

In contrast, the RCBA used in this study exhibited a 
lower specific gravity of 1.61, which can be attributed to 
the high porosity and lower density of century-old bricks 
from which the aggregates were derived. Although the wa-
ter absorption and porosity values of RCBA were within 
the ranges reported in previous studies, they were rela-
tively higher than those of NCA. The Los Angeles abrasion 
value of RCBA was higher and exceeded the limits specified 
by IS 383 (2016), indicating lower abrasion resistance.  

Overall, the physico-mechanical behavior of the old 
bricks used in this study aligns closely with that of his-
toric bricks and also falls within the broad range of prop-
erties reported for modern bricks, albeit toward the 
lower strength and higher porosity. The origin of these 
properties differs, as the characteristics of century-old 
bricks are primarily influenced by long-term aging, envi-
ronmental exposure, and material degradation rather 
than a controlled manufacturing process for modern 

bricks. These factors likely contributed to the lower den-
sity, higher water absorption, higher porosity, reduced 
abrasion resistance, and impact resistance observed in 
the RCBA used in this study as compared to natural 
coarse aggregates.  

3.2. Density of concrete 

The density of concrete was determined by measur-
ing the mass of each cube and dividing it by its volume. 
The density of the recycled brick aggregate concrete 
(RBAC) decreased with increasing brick aggregate re-
placement levels. The maximum reduction in density 
was 13.24% for B100% mix compared to the control 
mix. This decreasing trend is consistent with the findings 
reported by De Brito et al. (2005) and Bhanbhro et al. 
(2014), who observed density reductions of 9.18% and 
16%, at 100% replacement, respectively.  

The decrement in density is primarily attributed to 
the lower specific gravity of brick aggregates compared 
to natural coarse aggregates, resulting in a relatively 
lighter concrete. The average density values and corre-
sponding coefficient of variation are presented in Table 
10. The CoV values ranged from 0.58% to 1.07%, indicat-
ing excellent uniformity of the concrete specimens. The 
density variation across different mixes with error bars 
is illustrated in Fig. 7.    
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Fig. 7. Density values of various concrete mixes at 28 days.

3.3. Compressive strength 

The compressive strength was determined from the 
peak load at failure, and crack patterns were also ob-
served. The control mix (B0%) exhibited the highest 
compressive strength, while the strength decreased with 
increasing RCBA replacement. The reduction in com-
pressive strength relative to the control mix were 0.72%, 
3.27%, 5.99%, and 28.26% at 10%, 20%, 30%, and 100% 
replacement, respectively. The reduction in compressive 
strength with the increasing replacement percentage is 
consistent with the findings of previous studies (Debieb 
and Kenai 2008; Aliabdo et al. 2014; Bhanbhro et al. 
2014).  

The reduction in compressive strength can be at-
tributed to the replacement of NCA with RCBA, which 
possesses lower density, higher water absorption, and 
microcracking induced during crushing. These charac-
teristics lead to a weaker aggregate skeleton and a het-
erogeneous interfacial transition zone (ITZ) as reported 
by Silva et al. (2014). Under compressive loading, brick 
aggregates act as stress concentrators, promoting crack 
initiation and propagation at the aggregate-paste inter-
face rather than through the cement matrix (Xiao et al. 
2012; Silva et al. 2014). At lower replacement levels, 
brick aggregates are distributed discontinuously within 
the concrete matrix, which limits the crack connectivity 
and allows load transfers to be governed predominantly 
by NCA and hydrated cement paste. This explains the rel-
atively small reduction in compressive strength ob-

served at partial replacement levels, whereas the pro-
nounced loss of strength at 100% replacement is at-
tributed to the formation of a continuous weak aggre-
gate-paste network. 

The average compressive strength values and corre-
sponding CoV are presented in Table 10, while Fig. 8 
shows the compressive strength results with error 
bars. 

The compressive strength was evaluated as the aver-
age of at least three specimens for each concrete mix, or 
based on the number of specimens indicated in Table 8. 
In accordance with IS 516 (Part 1/Sec 1) (2021), test re-
sults deviating more than ± 15% from the mean com-
pressive strength were treated as outliers and excluded 
from analysis. One outlier was identified in both B10% 
and B20% mixes. The standard deviation for mixes B0% 
to B100% were 1.22, 1.74, 1.54, 2.08, and 0.4, all of which 
are smaller than the standard deviation value of 4 speci-
fied for M20 concrete. The CoV values ranged from 
2.22% to 8.86%, indicating low variability and good re-
peatability of test results after exclusion of outliers.  

The failure patterns of the cubes were examined vis-
ually, and the Fig. 9 illustrates the observed failure for 
different concrete mixes. Failure was mostly due to the 
formation of vertical cracks resulting from laterally in-
duced tensile stress perpendicular to the applied com-
pressive load. Cone-shaped failure was also observed in 
a limited number of specimens. Overall, the failure be-
havior was satisfactory as specified in IS 516 (Part 
1/Sec 1) (2021).

Table 10. Average values for physical and mechanical properties of concrete with their CoVs. 

Concrete  
mix 

Density  
(kg/m3) 

CoV 
Compressive  

strength (MPa) 
CoV 

Splitting tensile  
strength (MPa) 

CoV 
Flexural  

strength (MPa) 
CoV 

UPV  
(m/s) 

CoV 

B0% 2467.79 0.67 25.05 4.88 2.92 2.14 4.13 6.43 4429.11 1.12 

B10% 2404.03 0.80 24.51 7.10 2.79 2.05 3.99 0.68 4152.17 1.30 

B20% 2369.58 1.07 24.23 6.37 2.69 1.85 3.95 3.28 4083.14 1.38 

B30% 2319.31 0.58 23.55 8.86 2.61 3.17 3.87 1.06 4046.92 0.85 

B100% 2141.04 0.65 17.97 2.22 2.19 1.14 3.70 0.88 3655.69 0.28 
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Fig. 8. Compressive strength values of various concrete mixes at 28 days. 

                     

Fig. 9. Typical failure of cubes at different replacement percentages: (a) 0%; (b) 10%; (c) 20%; (d)30%; (e)100%.

3.4.  Splitting tensile strength 

The splitting tensile strength test of concrete was per-
formed as per IS 516 (Part I/Sec 1) (2021), in which the 
load was applied to the cylindrical surface radially. The 
control mix (B0%) exhibited the highest tensile strength, 
and the tensile strength decreased with an increase in 
the brick aggregates replacement levels. The decrement 
in tensile strength relative to the control mix at 10%, 
20%, 30%, and 100% replacements were 4.68%, 8.06%, 
10.65% and 25.16%, respectively. This decreasing trend 

of tensile strength is similar to compressive strength and 
agrees with the findings of Aliabdo et al. (2014), who re-
ported a reduction in tensile strength with increasing 
RCBA replacement percentage.  

 The average tensile strength values and their corre-
sponding coefficient of variation are presented in Table 
10. Furthermore, the splitting tensile strength results ex-
hibited very low variability, with CoV values ranging 
from 1.14% to 3.17%, indicating excellent repeatability 
of experimental results. The tensile strength for various 
concrete mixes with error bars is presented in Fig. 10.

 

Fig. 10. Splitting tensile strength values of various concrete mixes at 28 days.  

(a) (b) (c) (d) (e) 
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The failure was governed by the development of lat-
eral tensile stresses perpendicular to the applied com-
pressive load. This initiated the crack along the loading 
line, which propagated through the cylinder, resulting 

in a sudden, brittle failure once the tensile strength of 
concrete was exceeded. The specimens were split into 
two halves along the longitudinal axis, as shown in Fig. 
11.

                     

Fig. 11. Typical failure of cylinders at different replacement percentages: (a) 0%; (b) 10%; (c) 20%; (d)30%; (e)100%.

3.5. Flexural strength 

 Plain cement concrete beams with dimensions 500 x 
100 x 100 mm were tested at 28 days to determine the 
modulus of rupture (MOR) as per IS 516 (Part 1/Sec 1) 
(2021). A four-point bending test was employed, in 
which the load was applied through two points at the 
top, while two supports were provided at the bottom. 
The B0% mix showed the highest modulus of rupture; 
however, all concrete mixes exhibited higher experimen-
tally obtained MOR values higher than those calculated 
using the empirical relationship in IS 456 (2000). The 
decrease in flexural strength as compared to the control 

mix at 10%, 20%, 30%, and 100% replacements were 
2.95%, 4.42%, 6.32% and 7.58%, respectively. This re-
duction in flexural strength is similar to the declining 
trend of compressive strength, where strength de-
creases with an increase in aggregate replacement per-
centage and aligns with the findings of De Brito et al. 
(2005).  

The average flexural strength values and the corre-
sponding coefficient of variation are presented in Table 
10. The results showed low variability, with CoV values 
ranging from 0.68% to 6.43%, indicating good to excel-
lent repeatability of experimental data. The flexural 
strength results with error bars is illustrated in Fig. 12.

   

Fig. 12. Flexural tensile strength values of various concrete mixes at 28 days.

Failure of the beams occurred due to the development 
of flexure cracks parallel to the direction of loading. 
Cracks initiated from the bottom face and propagated to-
ward the top of the beam. For all concrete mixes, failure 

was observed in the central region of the beam, and was 
found to be satisfactory as per IS 516 (Part 1/Sec 1) 
(2021). The observed failure patterns are presented in 
Fig. 13.

                     

Fig. 13. Typical failure of beams at different replacement percentages: (a) 0%; (b) 10%; (c) 20%; (d)30%; (e)100%. 

(a) (b) (c) (d) (e) 

(a) (b) (c) (d) (e) 
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Fig. 14 illustrates the failure modes of concrete cubes, 
cylinders, and beams in compression, indirect tension, 
and flexure, respectively. The post-failure cross-sections 

of the specimens reveal the distribution of brick aggre-
gates within the concrete matrix.

      

      

Fig. 14. Failure of different concrete specimens showing cross-section:  
(a) Cubes of B30%; (b) Cylinders of B30%; (c) Cylinders of B100%; (d) Beams of B100%.

3.6. Strength index 

Strength index was developed to quantify the contri-
bution of natural coarse aggregates and brick aggregates 
to the overall strength of concrete, following an ap-
proach similar to Cachim (2009). The specific strength 
ratio, R, is given by: 

R =
f

q
 (1) 

where f is the compressive strength of concrete in MPa, 
while q denotes the quantity of natural coarse aggregate 
in percentage. The parameter Rn represents the contri-
bution of natural coarse aggregates to overall strength 
and is the specific strength ratio of concrete with natural 
coarse aggregates only. 

The parameter Rb expresses the contribution of unit 
natural coarse aggregates to the strength of concrete. Rn 
= Rb when q = 100%, while Rr is the contribution of brick 
aggregates to overall strength: 

𝑅𝑟 = 𝑅𝑏 − 𝑅𝑎 (2) 

The specific strength ratio, K, is: 

K =
Rb

Rn
 (3) 

which is greater than 1 if the reduction in strength is less 
than the percentage of natural aggregates replaced. Ad-
ditionally, P represents the contribution of brick aggre-
gates to the overall strength of concrete in percentage 
and is defined as: 

P =
100Rr

Rb
 (4) 

The P value implies that if it is greater than the 
amount of aggregate replaced, then it signifies a positive 
contribution of brick aggregate to overall strength. The 
strength index developed for concrete cubes tested in 
compression at 28 days is presented in Table 11. A slight 
reduction (0.65%) in the contribution of brick aggregate 
to overall strength at 10% replacement. This contribu-
tion of brick aggregates has further decreased with an 
increase in brick aggregate replacement percentage, as 
observed for B20% and B30% mixes.

Table 11. Strength Index based on compressive strength. 

Concrete mixes q f  Rb Rr K P 

B0% 100 25.05 0.25 0 1 0 

B10% 90 24.87 0.28 0.03 1.10 9.35 

B20%  80 24.23 0.30 0.05 1.21 17.29 

B30%  70 23.55 0.34 0.09 1.34 25.54 

 

(a) (b) 

(c) (d) 
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3.7. Ultrasonic pulse velocity 

The UPV decreased with increasing brick aggregate 
replacement, while the control mix (B0%) exhibited the 
highest UPV values. The UPV values were further used to 
assess the quality of RBAC. According to the limits spec-
ified by IS 516 (Part 5/Sec 1) (2018), all concrete mixes 
except B100% exhibited excellent concrete quality (UPV 
> 4000 m/s), whereas B100% mix showed doubtful
quality (UPV = 3000 m/s to 3750 m/s). As the propor-
tion of brick aggregates increased, the UPV has de-
creased, which is in agreement with the findings re-
ported by Rao (2018) and  Hachemi et al. (2022).

 This decrement in UPV is attributed to the higher po-
rosity of RCBA compared to NCA. This increased porosity 
resulted in greater scattering and attenuation of ultra-
sonic waves, leading to longer travel times and lower 
UPV. This trend indicates that increasing brick aggre-
gate content results in reduced concrete density, which 
is associated with lower compressive strength and deg-
radation in overall concrete quality. Table 10 presents 
the average UPV values with their coefficient of varia-
tion. The CoV for UPV tests ranged from 0.285% to 
1.379%, indicating a low variability of results. The UPV 
for different concrete mixes with error bars are pre-
sented in Fig. 15.

Fig. 15. UPV values of various concrete mixes at 28 days.

3.8. Relationship between physical and mechanical 
properties of concrete 

The results from the experimental test of RBAC were 
plotted against the density, and linear regression analy-
sis was performed to quantify the influence of density on 
the mechanical strengths of concrete. Fig. 16 illustrates 
the relationship between density and strength proper-

ties of RBAC. The coefficients of determination (R2) ob-
tained were 0.93, 0.99, and 0.96 for density versus com-
pressive strength, splitting tensile strength, and flexural 
strength, respectively. These high R2 values indicate a 
strong positive correlation between density and me-
chanical properties, demonstrating that an increase in 
density leads to improved mechanical performance of 
RBAC.

Fig. 16. Relationship between density and strength properties of RBAC. 
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Similarly, linear regression analysis was conducted to 
establish relationships among the mechanical properties 
themselves. Fig. 17 presents the correlation between 
compressive, splitting and flexural strength of recycled 
brick aggregate concrete. The coefficients of determina-
tion (R2) were 0.94 for splitting tensile strength versus 

compressive strength and 0.80 for flexural strength ver-
sus compressive strength, respectively. These values in-
dicate a significant correlation between the mechanical 
properties of recycled concrete, confirming that com-
pressive strength increases with increasing splitting ten-
sile and flexural strengths.

Fig. 17. Relationship between compressive, splitting and flexural strength values of RBAC.

3.9. Comparison of the mechanical performance of 
recycled brick aggregate concrete 

The experimental findings of the present study were 
compared with findings reported in previous literature. 
Earlier studies have reported a decrement in the mechan-

ical performance of recycled concrete with increasing 
brick aggregate replacement percentage, and the results 
of this study are generally consistent with these findings. 
Table 12 presents a comparative summary of the mechan-
ical performance of recycled brick aggregate concrete re-
ported in previous studies and the present investigation.

Table 12. Comparison of mechanical properties from various studies. 

Authors 
Coarse aggregate  

replacement  
percentage 

W/C ratio 

Variation in strength relative to the control mix 

Compressive  
strength 

Tensile 
strength 

Flexural  
strength 

De Brito et al. (2005) 100% 0.6 ‒45.00% ‒ ‒25.71% 

Debieb and Kenai (2008) 100% 0.57 ‒35.00% ‒ ‒33.11% 

Cachim (2009) 30% 
0.45 ‒10.00% to ‒24.00% ‒10% to ‒20% ‒ 

0.5 ‒10.00% to ‒20.00% ‒12.50% to +4.27% ‒ 

Aliabdo et al. (2014) 100% 
0.5 ‒36.50% ‒28.10% ‒ 

0.7 ‒30.80% ‒60.00% ‒ 

Bhanbhro et al. (2014) 100% 0.5 ‒37.00% ‒ ‒ 

Gyawali (2022) 20% 
0.5 (oven-dried aggregates) 10.12% ‒ ‒ 

0.5 (saturated aggregates) ‒14.98% ‒ ‒ 

This study 

10% 

0.5 

‒0.72% ‒4.68% ‒2.95% 

20% ‒3.27% ‒8.06% ‒4.42% 

30% ‒5.99% ‒10.65% ‒6.32% 

100% ‒28.26% ‒25.16% ‒7.58% 
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At 100% brick aggregate replacement, the reduction 
in compressive strength observed in the present study is 
consistent with findings from previous studies (Debieb 
and Kenai 2008; Aliabdo et al. 2014; Bhanbhro et al. 
2014). Although these studies have reported higher 
strength reductions, the results are comparable in mag-
nitude. At replacement levels below 100%, most studies 
have reported a reduction in compressive strength. An 
exception is reported by Gyawali (2022), who observed 
a strength gain at 20% replacement when oven-dried 
brick aggregates were used. In contrast, the present 
study showed lower strength reductions relative to con-
trol mix up to 30% replacement.  

Similarly, the percentage reduction in tensile strength 
at 100% replacement levels is consistent with the results 
reported by Aliabdo et al. (2014) for a water-cement ra-
tio of 0.5. Although Cachim (2009) reported a tensile 
strength gain at 30% replacement, the present study 
showed a gradual reduction in tensile strength with in-
creasing brick aggregate concrete. De Brito et al. (2005) 
and Debieb and Kenai (2008) reported 25%-34% reduc-
tions in flexural strength at 100% replacements. In com-
parison, the present study recorded a substantially 
lower reduction of about 8%, despite using brick aggre-
gates sourced from century-old masonry.  

Overall, the recycled brick aggregate concrete in this 
study exhibited smaller percentage reductions in me-
chanical strength relative to the control mix as compared 
to previously reported studies, despite the inherently 
weaker properties of aggregates. This behavior suggests 
that aggregate-level indicators such as abrasion and im-
pact resistance alone do not fully govern the strength of 
concrete. One contributing factor may be the higher wa-
ter absorption capacity of brick aggregates, which can 
supply additional water for cement hydration, causing 
an internal curing effect (Cachim 2009; Aliabdo et al 
2014; Xiao et al. 2012). Moreover, strict control of the ef-
fective water-cement ratio through pre-soaking of brick 
aggregates to a saturated surface dry condition pre-
vented absorption of mixing water. Even if the absorbed 
water does not actively participate in cement hydration, 
it remains within the brick pores, contributing to a 
denser aggregate structure (Cachim 2009). Collectively, 
these factors likely contributed to the improved strength 
retention observed in the present study. 

 

4. Conclusions 

This study investigated the effects of replacing natu-
ral coarse aggregate with recycled crushed brick aggre-
gates derived from century-old bricks on the mechanical 
properties of the resulting concrete. The conclusions of 
the study are drawn as follows: 
 The properties of century-old bricks in this study fall 

within the broader range reported for modern bricks; 
however, the properties of resulting brick aggregates 
are comparatively inferior, which may be due to long 
term environmental exposure and material degrada-
tion with aging.  

 Brick aggregates exhibited higher porosity and water 
absorption than natural coarse aggregates. Therefore, 
the water required for mixing needs to be adjusted to 

prevent the brick aggregates from absorbing mixing 
water and to maintain effective cement hydration. 

 Brick aggregates presented lower abrasion and im-
pact resistance compared to natural coarse aggre-
gates; however, the mechanical performance of the 
resulting RBAC was satisfactory based on experi-
mental results of concrete at 28 days. 

 Brick aggregates showed lower specific gravity and 
density as compared to natural coarse aggregates, 
which resulted in reduced compressive strength with 
increasing replacement levels of natural coarse aggre-
gates. 

 Compressive strength decreased with increasing 
brick aggregate content; however, all mixes except 
B100% satisfied the strength requirements for M20 
concrete. 

 Both splitting tensile strength and flexural strength 
decreased with increasing brick aggregate replace-
ment. Nevertheless, the experimentally obtained flex-
ural strength values for all mixes exceeded the theo-
retical values predicted by the empirical relationship 
specified in IS 456 (2000). 

 Ultrasonic pulse velocity decreased with increasing 
replacement of brick aggregates, supporting the influ-
ence of lower density and higher porosity of brick ag-
gregates on reduced compressive strength. 

 According to IS 516 (Part 5/Sec 1) (2018), all concrete 
mixes except B100% exhibited excellent concrete 
quality based on ultrasonic pulse velocity measure-
ments, while B100% mix demonstrated doubtful con-
crete quality. 

 Strength index analysis indicated that the contribu-
tion of brick aggregates to the overall compressive 
strength of the concrete decreases progressively with 
increasing brick aggregate replacement levels.  

 
From the results of this study, it can be summarized 

that natural coarse aggregates can be replaced by recy-
cled coarse brick aggregates up to 30% without signifi-
cant loss in compressive strength, while achieving ade-
quate flexural strength at all replacement levels. This 
demonstrates the potential for recycling old masonry 
bricks as brick aggregates in concrete. The findings sug-
gest that recycled brick aggregates derived from old 
bricks may be used in non-structural concrete, low-load-
bearing concrete structures subjected primarily to grav-
ity loads, and the production of concrete blocks where 
sustainability is prioritized despite the relatively low 
abrasion and impact resistance of brick aggregates. 
However, the long-term durability performance of RBAC 
was not investigated in this study. 

 This study was limited to laboratory-scale testing and 
focused mainly on the mechanical properties of recycled 
brick aggregate concrete using brick aggregates from a 
single century-old masonry building. The number of test 
specimens was limited; therefore, advanced statistical 
analysis was not considered. Microstructural characteri-
zation was beyond the scope of this study, and interpre-
tations related to porosity and interfacial transition zone 
behavior are based on indirect experimental observa-
tions and existing literature.  

Future studies should focus on the durability perfor-
mance and microstructural analysis of recycled brick ag-
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gregate concrete. Further investigations are also needed 
to evaluate the influence of brick age, firing characteris-
tics, source variability, and properties of brick aggre-
gates on the performance of recycled concrete. In addi-
tion, design mix optimization of recycled concrete at 
higher replacement levels using mineral and chemical 
admixtures could also be a suitable area for further 
study. 
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