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Abstract: This research paper highlights the use of waste materials such as recycled coarse aggregate (RCA)
and stone slurry powder (SSP) in the production of concrete, which offers significant environmental and
economic benefits. The aim of this study was to investigate the impact of substituting cement with SSP on the
consistency, initial and final setting time, and strength properties of concrete, as well as replacing natural
coarse aggregate (NCA) with RCA and cement with SSP on the fresh and hardened properties of concrete. The
experimental results showed that the substitution of cement with SSP and NCA with RCA improved the
compressive strength, split tensile strength, and flexural strength of the concrete. This research contributes to
sustainable construction practices by providing an alternative to depleting natural resources and reducing
waste generation from stone-cutting activities. The findings of this study suggest that using SSP and RCA in
concrete production has the potential to reduce the environmental impact of the construction industry while
also providing a cost-effective and sustainable alternative to traditional concrete production methods.
However, the use of SSP resulted in a decrease in slump, which may require more water and absorb water
from the mix, leading to reduced workability. Therefore, further research is needed to investigate the long-term
durability and sustainability of concrete made with SSP and RCA.. In conclusion, this study demonstrates the
potential for using SSP and RCA as alternative materials in concrete production to achieve stronger, more
sustainable, and cost-effective construction.

Keywords: Waste Materials, Recycled Coarse Aggregate, Stone Slurry Powder, Sustainability

1. Introduction

The use of waste materials in construction has gained increasing attention in recent years due to its
potential to reduce environmental impact, conserve natural resources, and minimize construction waste. In
particular, the use of waste materials such as recycled coarse aggregate (RCA), stone slurry powder (SSP), and
recycled concrete aggregates (RCA) has been investigated to replace natural aggregates and cement in concrete
production. This paper reviews several studies that have explored the effects of incorporating these waste
materials into concrete for pavement construction, investigating the mechanical properties, durability, and
environmental benefits of these materials.

Anandaraj et al. examined the use of limestone residue (LP) and fly ash (FA) as partial replacements
for ordinary Portland cement (OPC) in self-compacting concrete (SCC), finding that a 10% replacement of
cement with LP improved compressive, flexural, and split tensile strengths. Singh and Aggarwal investigated
the performance of concrete mixtures containing marble and granite powders as partial replacements for cement
and sand, discovering that concrete with 10% marble powder and 25% granite powder had higher strengths than
the control mix after 7 and 28 days.

Studies also explored the use of waste materials such as rice husk ash (RHA), waste marble powder
(WMP), and steel fibers in concrete. Gencel et al. studied the microstructural, mechanical, and transport
properties of foamed concrete exposed to high temperatures and freeze-thaw cycles, using RHA as a cement
substitute and WMP as a sand replacement. The optimal blend contained 10% RHA and 50% WMP, exhibiting
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the highest compressive strength after 90 days. Gupta et al. tested M20 grade concrete containing varying
percentages of marble dust and steel fibers, finding that the optimal combination for strength was 15% marble
dust and 1% steel fiber as cement substitutes.

In addition to waste materials, the use of recycled aggregates in pavement construction has also been
explored. Various studies have investigated the mechanical properties, durability, and environmental benefits of
using RCA and coarse recycled aggregates (CRA) as substitutes for natural aggregates in various pavement
applications. These studies demonstrate that recycled aggregates show promise in replacing a portion of natural
aggregates in pavement construction, while also reducing construction waste.

Overall, the utilization of waste materials and recycled aggregates in concrete production presents a
promising avenue for sustainable construction practices. However, further research is necessary to determine the
long-term durability and sustainability of these materials in pavement construction.

2. Experimental Program
The following materials were used for the experimental program:
e Cement: Ordinary Portland Cement (OPC) conforming to the requirements of IS: 12269-2013 was
used.
e Stone Slurry Powder (SSP): Stone Slurry Powder was used as a partial replacement for cement.
o Natural Coarse Aggregate (NCA): Crushed granite was used as the Natural Coarse Aggregate.
¢ Recycled Concrete Aggregate (RCA): RCA was used as a partial replacement for NCA.
e Fine Aggregate: River sand was used as fine aggregate.
e Water: Potable water was used for mixing and curing.

2.1 Mix Design and Specimen Preparation

Two concrete grades, M30 and M45, were selected for the experimental program. Cement was replaced
by SSP in varying proportions (3%, 6%, 9%, 15%, and 20%), and NCA was substituted by RCA at 50%. The
mix design was performed following the guidelines of IS: 10262-2009. The specimens were prepared in the
form of cubes, cylinders, and beams for compressive strength, split tensile strength, and flexural strength tests,
respectively.

The specimens were cast using a standard vibrating table. After casting, the specimens were covered
with a plastic sheet to avoid moisture loss and left undisturbed for 24 hours. The specimens were then de-
molded and cured in a water tank for 28 days at a temperature of 27+2°C. Test results of OPC shown in Table 1
and Mix proportion of M30 and M45 Table 2, respectively.

3. Testing Procedure

The nomenclature for the experimental program includes two groups: M30 and M45. Group M30
includes NCA and RCA with 0%, 3%, 6%, 9%, 15%, and 20% substitution of cement by SSP. Group M45 also
includes NCA and RCA with the same substitution percentages. The nomenclature is represented by codes such
as 30M0, 30M1, 30M2, 30M3, 30M4, 30M5, 30MOR, 30M1R, 30M2R, 30M3R, 30M4R, 30M5R, 45M0,
45M1, 45M2, 45M3, 45M4, 45M5, 45MOR, 45M1R, 45M2R, 45M3R, 45M4R, and 45M5R.

Table 1: Test results of OPC

S. No. Test Name Cement
i. Specific gravity( g/cm?®) 3.15
ii. IST ( minutes) 175
iii. FST ( minutes) 235
iv. Consistency(%) 31%
V. Fineness (%) 5

3704



Tuijin Jishu/Journal of Propulsion Technology

ISSN: 1001-4055
Vol. 44 No. 3 (2023)

Table 2: Mix proportion of M30 and M45

Materials M30 M45
Cement 430.9302 463.25
Fine Aggregate 663.975 653.3753
Coarse aggregate (20mm) 1143.29 1125.039
Water 185.3 185.3
4. Results and Discussion
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The compressive strength of concrete mixes containing recycled materials was investigated in this
study. Figure 1 showed that 30M2 had the highest compressive strength compared to the control mix (30M0),
with an increase of 7.44% and 11.17% at 7 and 28 days, respectively. The same trend was observed in Figure 2,
where 30M2R had the highest compressive strength, with an increase of 9.05% and 13.38% at 7 and 28 days,
respectively. The use of RCA in place of NCA showed better performance, as demonstrated in Figures 1 to 4.
Figure 3 showed that 45M2 had the highest compressive strength, with an increase of 11.11% and 4.98% at 7
and 28 days, respectively, compared to the control mix (45M0). The use of recycled materials, such as RCA and
SSP, was found to increase the compressive strength of the concrete. The results also demonstrated the potential
for utilizing recycled materials in concrete production, which could make it cost-effective while reducing waste.

4.2 Split Tensile Strength
The split tensile strength test was performed on cylindrical specimens (150mm diameter and 300mm
height) according to IS: 5816-1999.
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The research findings indicate that the incorporation of SSP and RCA in concrete mixtures enhances
their split tensile strength. Figure 5 and 7 demonstrate the highest split tensile strength attained for 30M2 and
45M2, respectively, relative to their respective control mixes. At 7 and 28 days, the split tensile strength of
30M2 increased by 15.97% and 17.03%, while 45M2 increased by 4.70% and 5.54%. Similarly, Figures 6 and 8
show the highest split tensile strength attained for 30M2R and 45M2R, respectively, relative to their respective
control mixes. At 7 and 28 days, the split tensile strength of 30M2R increased by 14.73% and 3.10%, while
45M2R increased by 11.56% and 2.39%. The observed increase in split tensile strength was attributed to the
filler effect of the SSP, which fills the small voids, resulting in higher strength.

4.3 Flexural Strength
The flexural strength test was conducted on beam specimens (100mm x 100mm x 500mm) as per IS:
516-1959.
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These four figures 9,10,11 and 12 present the flexural strength results of different concrete mixtures
using recycled aggregates and Supplementary Cementitious Materials (SCMs). Figure 9 and Figure 10
demonstrate the highest flexural strength obtained for 30M2 and 30M2R mixtures, respectively. In contrast, the
control mixtures (30MO and 30MOR) show the minimum flexural strength. The increase in flexural strength is
attributed to the filler effect of the SCM (SSP), which fills the small voids leading to higher strength. Similarly,
Figures 11 and 12 show that the flexural strength of 45M2 and 45M2R is higher than that of their control
mixtures (45M0 and 45MOR), respectively. These results indicate that using recycled aggregates and SCMs can
improve the flexural strength of concrete.
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5. Conclusion

The results of the tests were analyzed to determine the effect of SSP and RCA on the mechanical
properties of M30 and M45 grade concrete. Comparisons were made between the control mix and the mixes
with varying proportions of SSP and RCA. The optimum percentage of SSP and RCA that yielded the desired
properties without significantly affecting the performance of the concrete was identified. The study investigated
the effect of partial replacement of cement with Stone Slurry Powder (SSP) and the use of recycled concrete
aggregate (RCA) on the properties of concrete. The results showed that increasing the replacement level of
cement with SSP resulted in a higher normal consistency of the mixes. Additionally, the initial and final setting
times of the mixes increased as the replacement level increased. The slump decreased as the percentage of SSP
in the mix increased, with the minimum slump recorded at 20% replacement.

Regarding the mechanical properties, the highest compressive strength was obtained for 30M2 mix,
which had a 9% replacement of cement with SSP, and the highest split tensile strength was observed for the
30M2 mix as well. Similarly, the highest flexural strength was achieved for the 30M2 mix. The use of RCA also
had a positive impact on the properties of concrete. Mix D, with 50% replacement of coarse RCA, had the
highest compressive strength among the RCA mixes, and the maximum compressive strength was obtained for
30M2R mix at 9% replacement and 50% RCA replacement. The highest flexural strength was obtained for the
30M2R mix, while the highest split tensile strength was achieved for 30M2 mix.

In summary, the study demonstrated that partial replacement of cement with SSP and the use of RCA
could improve the mechanical properties of concrete. Additionally, the results indicated that a 9% replacement
of cement with SSP and a 50% replacement of RCA could be used in the production of cost-effective and
sustainable concrete.
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