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Abstract

In Bangladesh, brick kilns and rivers provide the majority of the fine and coarse aggregates used in construction.
The goal of this research was to investigate the effect of ground granulated blast furnace slag (GBFS) and
recycled aggregate on the compressive strength of concrete at different replacement levels. To identify
alternative sources for fine and coarse aggregates in concrete production, various physical properties of all
selected materials were evaluated. Concrete samples were produced with a target design strength of 25 MPa,
using OPC, with 1:1.4:2.05 (C: FA: CA) and a w/c ratio of 0.5. The river sand and brick chips were partially
replaced with GBFS and recycled aggregates. A total of 45 concrete cubes were cast for the compressive strength
test. The test revealed that after 28 days of curing, all replacement levels reached the target strength, which was
25.26 MPa, 25.81 MPa, 25.51 MPa, and 26.81 MPa for 10%, 20%, 30%, and 50%, respectively. The cubes made
with 50% GBFS and recycled aggregate achieved the highest compressive strength among the modified mixes.
The control sample showed the highest overall strength at 31.08 MPa. The results demonstrated that concrete
samples with 50% replacement exceeded the target strength.
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1 Introduction

A concrete that has had extra steps taken in the mix design and placement to ensure a sustainable structure and a
long-life cycle with a minimal maintenance surface is referred to as sustainable “Green Concrete”. As a
developing country such as Bangladesh grows, so does the number of industries and developments, as well as the
number of industrial, commercial, or residential buildings built, which also means an increase in the number of
buildings being demolished. A major challenge today is the disposal of concrete rubble from demolished
structures, which poses significant environmental concerns, while the availability of suitable disposal sites is
rapidly declining both nationally and globally. Finding sustainable construction methods to meet future global
demand for concrete is becoming a more difficult task. Sustainable construction aims mainly to reduce the
negative environmental impacts generated by the construction industry. Over a period of time, waste
management has become one of the most challenging problems in the world [1]. For this reason, and to preserve
natural aggregates, engineers around the world are searching for substitute materials for use in construction, as
the overuse of natural aggregates has become a major concern. Therefore, it is a good approach to replace natural
aggregates with recycled concrete obtained from previously constructed buildings. Another practical solution to
reserving natural aggregates like sand is to use industrial byproducts like slag [2]. Slag is made in large number
from steel and cement industry and again the challenge becomes to dispose them is also a prime concern for
engineers as the number of landfills to dispose these wastes is decreasing day by day. So, the use of recycled
aggregates, fly ash, and slag decreases the environmental impact [3]. This work introduces a sustainable concrete
mix by jointly incorporating recycled concrete aggregates and industrial by-products such as slag to reduce
natural resource consumption and construction waste. The study uniquely examines the combined influence of
these materials on concrete performance, offering an eco-efficient alternative for future construction. The main
objectives of this research are to investigate the effect of Granulated Blast Furnace slag (GBFS) and Recycled
Aggregate on compressive strength of concrete at different percentages by weight (10%, 20%, 30%, and 50 %).
Besides to find a possible solution and try to make an eco-friendly, cost-effective green concrete that can be
useful in the construction of any structure. This was accomplished by partially replacing fine aggregate with
industrial slag and coarse aggregate with recycled concrete aggregate in the preparation of fresh concrete. To do
so, a concrete mix of M25 grade was prepared with a water—cement ratio of 0.5. In the fresh state, slump cone
tests were conducted to measure workability, and compressive strength tests were performed on the hardened
concrete.
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2 Materials and Methods

The experimental work was carried out to the strength development of sustainable concrete using different
percentages levels of GBFS and recycled aggregate over a period of 7, 14 and 28 days. The variable parameters
studied and the materials involved were as follows:

2.1 Materials:

The Ordinary Portland Cement (OPC) was used as binding material which was collected from NGS Cement
Industries Ltd for making of M25 grade Concrete. The chemical composition of OPC has shown in Table 1. and
the cement aggregates ratio were taken 1:1.4:2.05. Locally available brick chips were used as coarse aggregates
having the maximum size of 20 mm. Recycled coarse aggregates was collected from demolished site, from
Miyakhan Nagar, Khatungong, Chattogram, also selected having the maximum nominal size of 20mm after
sieved. River sand is used as a fine aggregate in this study. The Granulated Blast Furnace Slag (GBFS) is a by-
product of iron production. GBFS was collected from Diamond Cement Ltd. The bulk specific gravity of GBFS
2.39 and fineness modulus is 2.75. All physical properties of Materials were tested according to ASTM code,
have shown in Table 2. In this research, ASTM C127 specifies the specific gravity and absorption capacity,
while ASTM C29 specifies the unit weight and ASTM C136 specifies the fineness modulus. In total, 45 concrete
cubes were cast to evaluate the compressive strength of the mix, ASTM, C39.

Table 1. Chemical Composition of Cement

Properties SiO2 CaO MgO Al203 Fe203 Na,O LOI K20
Cement 17.61 68.42 1.95 4.95 2.05 0.25 1.34 0.52
Table 2. Physical properties of Materials
Materials Bulk Dry density Absorption FM (%) Moisture

Sp. Gravity (kg/m?3) Capacity (%) Content (%)
Aggregate(Brick chips) 3 998.2 ’ 6.64 0.83
Recycled Coarse Aggregate 2.91 1015.3 6.75 8.45 0.17
Fine aggregate (River sand) 121 1521 28 5 14 795
GBFS 2.39 1312.49 1.2 2.754 0.232

2.2 Mix proportion:
In the current research, four concrete mixes were made with GBFS and recycled aggregate at different
replacement levels 10%, 20%, 30% and 50% respectively of the total volume of aggregate and one conventional
concrete mix was developed with coarse aggregate and river sand. Cement and water are the only additional
components of these five sets that don't change. The cube's dimensions are 6" * 6" * 6". The exact W/C ratio was
fixed at 0.5 for all mixes. Mix proportion of the given research has shown in Table 3.

Table 3. Concrete mix proportions

Mixes Coarse aggregate Fine aggregate Cement | Water Fresh
(kg/m® (kg/m®) (kg/m®) | (kg/m®) | volume
Brick Recycled River GBFS (m3)
chips aggregate sand
Control 515.1 - 509.43 - 317 158.5 0.0315
Sample with 10% replacement | 458.5 50.377 458.5 415 317 158.5 0.0315
Sample with 20% replacement | 411.32 100.94 407.547 | 83.96 317 158.5 0.0315
Sample with 30% replacement | 359.70 151.22 355.94 | 125.80 317 158.5 0.0315
Sample with 50% replacement | 257.13 250.47 254.24 | 209.41 317 158.5 0.0315
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2.3 Methodology:

The conventional concrete samples were cast in the usual manner by first mixing the ingredients, i.e. cement,
river sand and coarse aggregates in dry state for 2 min and then for 3 min after adding water to the mixer.
Furthermore, all the ingredients of the concrete mixture, i.e. Cement, GBFS, recycled aggregate, coarse
aggregate, river sand etc., needed for the preparation of the required concrete mix are measured. Then, all the
ingredients were mixed in dry state for two minutes. After that the water were poured in the mixer and the
mixing continued for next 5-6 min. A slump test has been done to verify the workability of all concrete mixture
in the fresh state. The cube molds were first oiled from the inside, and the concrete was filled in the molds in
three layers by compacting each layer 25 times. Then, all the cube samples were demolded after 24 h and
submerged in water for the next 7, 14, and 28 days of curing has shown in Figure 1.

—

Figure 1. Mixing and curing process of concrete

2.4 Testing

Cube specimens of size 6" * 6" * 6 were tested for the compressive strength at 7, 14, and 28 days of water curing.
The test was carried out as per ASTM C39 (ASTM, 2020) has shown in figure 2. The compressive strength test
was done for 7, 14, and 28 days using the UTM machine.

30% Replaced Sample 50% Replaced Sample

10% Replaced Sample 20% Replaced Sample

Figure 2. Compressive strength test for different percentages

3 Results and Discussions

3.1 Results

The results of the testing conducted for strength in compression for conventional concrete, GBFS and recycled
aggregate based concrete are represented in graphical form in Figure (3-5). The compressive strength after 7, 14
and 28 days of curing of control sample are 24.8 MPa, 25.96 MPa and 31.08 MPa respectively. Besides, when
10% GBFS and Recycled Aggregate was used in the concrete mix the strength is 17.10 MPa, 23.851 MPa and
25.3 MPa respectively. Similarly, for 20% replacement the strength is found 18.18 MPa, 24.258 MPa and 25.801
MPa, for 30% replacement the strength is 17.919 MPa, 20.520 MPa and 25.509 MPa respectively. Furthermore,
when 50% replacement the strength is 18.48862 MPa, 23.1204 MPa and 26.814 MPa respectively, which is the
highest value among the all replaced concrete. Experiment shows that the strength of control sample is much
higher than other recycled aggregate concrete.
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Figure 4. Compressive strength Test at 14 days of curing
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Figure 5. Compressive strength Test at 28 days of curing

The use of Granulated Blast Furnace Slag increases the strength of concrete due to its pozzolanic reaction [20],
but Recycled Red Brick aggregate decreases the strength as red brick is a high bibulous rate, low intensity,
porous materials [21]. Here, Since GBFS and Recycled Red Brick Aggregate are used together, a fluctuation on
the strength at different percentages can be seen.

3.2 Discussion

After 28 days of curing, the control sample's compressive strength was 31.08 MPa, while the 10% replacement
concrete had 25.26 MPa compressive strength.

A modest improvement was observed from 10% to 20%, with 25.801 MPa compressive strength. However, a
reduction in compressive strength of 30% replaced concrete to 25.509 MPa was found.

Again, after 28 days of testing, 26.817 MPa compressive strength was observed for 50% replacement of
aggregates.

From the graphical representation a fluctuation has been observed in compressive strength. Because, the addition
of granulated blast furnace slag to concrete strengthens it because of its pozzolanic reaction [21], while recycled
aggregate weakens concrete since red brick is a high-bibulous, low-intensity, porous substance [22]. When both
are used together, their opposite properties cause variations in strength at different replacement levels. Among all
mixes, the 50% replacement showed the highest compressive strength, even exceeding the design strength of 25
MPa. Therefore, 50% replacement can be considered optimal.

In this context, Granulated Blast Furnace Slag (GBFS) contributes to increased concrete strength through its
pozzolanic reaction, while recycled red brick aggregate, being porous and low in strength, has a weakening
effect. The observed variations in strength at different replacement levels likely result from the contrasting
properties of these materials. Hence, a comprehensive microstructural analysis is essential in future studies to
better understand their combined influence.
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