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Introduction
Several researchers have studied the behavior of  pervious concrete in terms of  compressive strength, 
porosity, aggregate size, and mix design. Their findings provide a strong base for understanding how porous 
concrete works and what factors affect its performance. One of  the key studies investigated the 7 and 28 day 
compressive strength of  pervious concrete by reducing fine aggregate from zero to 100% in the mix design. It 
was found that as fine aggregate was reduced, the compressive strength of  pervious concrete also decreased 
(Zhu et al., 2025). The maximum reduction in compressive strength was 49.82% at 7 days and 46.25% at 28 
days when sand was fully removed from the mix. The study also found that reducing fine aggregate from 0 
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Abstract
Pervious concrete is a special type of  lightweight concrete that is mainly made of  cement, coarse 
aggregates, and water. This study looks at how the strength and porosity of  concrete change 
when fine aggregate is partly replaced by coarse aggregate. Concrete of  M15 grade was prepared 
using different levels of  fine aggregate replacement with coarse aggregate. Cube specimens 
of  150mm x 150mm x 150mm were cast and kept under normal water curing conditions. The 
study tested porous concrete with 60%, 70%, 80%, and 90% sand replacement and checked the 
compressive strength at 3,7,14, and 28 days. The compressive strength increased from 10.2 MPa 
at 60% replacement to a peak of  12.42 MPa at 80%, then dropped to 9.99 MPa at 90%. This 
shows that 80% sand replacement gives the best performance among all the mixes tested. The 
results show a clear link between aggregate type and concrete strength. As the replacement level 
increased, porosity also increased, which affected the strength. Overall, porous concrete shows 
good potential as a sustainable pavement material, particularly in urban areas where drainage 
matters. The study concludes that by controlling how much fine aggregate is replaced, a good 
balance between strength and porosity can be achieved. This makes porous concrete a suitable 
choice for low load areas such as pedestrian pathways and parking areas.
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to 40% did not allow any water infiltration at all. However, the highest infiltration rate increased by 273.11% 
when 100% of  the fine aggregate was removed. A 90% reduction of  sand gave a compressive strength of 
2150 psi and an infiltration rate of  165.79 inch per hour, which was considered suitable for parking and 
walking area pavements (Aneel Manan, 2018).

Building on this, another study looked at how the physical properties of  aggregates affect the strength of 
pervious concrete. It concluded that the size of  coarse aggregate, water to cement ratio, and aggregate to 
cement ratio play a very important role in determining strength (Ahmad et al., 2024). Using smaller sized 
aggregate of  10mm was found to give better compressive strength compared to larger sized aggregate of 
20mm. As aggregate size increases, the void ratio also increases, which causes a reduction in compressive 
strength (Ukpata et al., 2024). This finding was further supported by another researcher who stated that 
smaller coarse aggregate sizes tend to produce both higher compressive strength and better permeability 
(Hui et al., 2025), and that mixes with a higher aggregate to cement ratio are more suitable for pavements 
that need low compressive strength and high permeability (Nataraja et al., 2023).

In relation to mix design parameters, aggregate size and water to cement ratio were identified as the most 
important factors influencing the compressive strength of  porous concrete. While adding fine aggregate or 
replacing cementations materials can improve strength, increasing the fines content may reduce the drainage 
capacity of  the concrete (Tiwari, 2022). This shows that there is a direct tradeoff  between strength and 
permeability, and finding the right balance in the mix design is very important (Ekolu et al., 2025). On a 
broader level, porous concrete generally shows much lower compressive strength compared to conventional 
concrete with a similar water to cement ratio. As the void content increases, the compressive strength 
decreases. The average compressive strength of  porous concrete is around 20 MPa, with recorded values 
ranging from as low as 2.0 MPa to as high as 34.5 MPa (Rajab Abousnina, 2025). These values confirm that 
porous concrete can still provide usable strength depending on how the mix is designed and proportioned.

Regarding mix design guidelines, pervious concrete is known as gap graded concrete and requires a minimum 
porosity of  15%. It is usually made using coarse aggregates of  size 19.00 to 19.50 mm to maintain the void 
structure, though many researchers have also used aggregate sizes in the range of  2.36 to 9.50 mm to 
improve its properties. The main goal in pervious concrete mix design is to achieve a good balance between 
voids, cement paste, workability, and strength. ACI 2010 recommends a trial and error method along with 
field testing to achieve the desired mix properties (Mudasir Nazeer, 2020). The studies reviewed above 
clearly show that controlling aggregate size, fine aggregate content, and mix proportions is very important 
in producing porous concrete that has both good strength and adequate permeability. These findings directly 
support the experimental approach taken in this study, where fine aggregate is partially replaced by coarse 
aggregate to find the most suitable mix for practical and sustainable construction use.

Methodology
Research methodology describes the overall plan and process followed in a study to collect, analyze, and 
interpret data in a reliable and valid way as shown in figure 1. It explains the steps taken to answer the 
research questions and directly affects the credibility and accuracy of  the study findings. In simple terms, 
methodology refers to the complete set of  techniques and steps used to identify, select, process, and analyze 
information about a given topic. 
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Figure 1: Research Framework

In this study, a quantitative and experimental research approach is used to evaluate the compressive strength, 
porosity, and workability of  porous concrete. The research involves partial replacement of  fine aggregate 
with coarse aggregate at different percentage levels, preparation of  M15 grade porous concrete mixes, 
casting of  cube specimens, and curing for specified durations. Compressive strength tests are carried out at 
3, 7, 14, and 28 days to observe how strength develops over time under different mix conditions. The test 
results are measured and analyzed to understand the effect of  aggregate replacement on the performance of 
porous concrete and to verify the relationship between porosity and strength. The overall methodology is 
designed to systematically determine the most suitable mix proportion that offers the best balance between 
strength and permeability (Sánchez-Mendieta et al., 2024).

All materials including cement, fine aggregate, coarse aggregate, and water were collected from the SOE 
Civil Engineering Lab. Aggregates were properly washed and air dried before use to remove dust and 
impurities. Ordinary Portland cement of  43 grade was used as the binding material due to its good early 
strength development and wide availability. Natural River sand with a specific gravity of  2.62 was used 
as fine aggregate, which was clean, well graded, and free from organic impurities. Crushed angular coarse 
aggregate with a size ranging between 4.75 mm and 12.5 mm and a specific gravity of  2.72 was used as 
the primary constituent of  the mix. Angular aggregates were selected because of  their better interlocking 
properties, which improve strength compared to rounded aggregates (Ali et al., 2023). Clean potable water 
free from harmful impurities was used for both mixing and curing to ensure proper hydration of  cement. 
The mixing of  porous concrete was done by hand mixing as shown in figure 2 (A), starting with dry mixing 
of  cement and coarse aggregates until a uniform color was obtained, followed by gradual addition of  water 
to ensure proper coating of  aggregates with cement paste. The moulds were cleaned, oiled, and filled with 
concrete in three equal layers, each compacted with not less than 15 strokes using a tamping rod, and the top 
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surface was finished smoothly with a trowel. After removing the moulds, the specimens were cured with wet 
jute bags for 28 days to maintain moisture and improve strength as shown in figure 2.

	 (A)	  		  (B) 				    (C) 			   (D)

Figure 2: A) Hand Mixing B) Casting of  cube in mould C) Curing with jute bag, D) Porous Concrete

Compressive strength tests were carried out on 150 mm x 150 mm x 150 mm cube specimens at 3,7,14 and 28 
days using a compression testing machine, where the maximum load at failure was recorded and compressive 
strength was calculated by dividing the load by the cross sectional area.

Result and Discussion
Several material tests were conducted to determine the physical properties of  the aggregates used in this 
study. The specific gravity of  fine aggregate was found to be 2.62 and that of  coarse aggregate was 2.72, 
both determined using the pycnometer method. Water absorption tests showed that fine aggregate absorbed 
2.71% of  water and coarse aggregate absorbed 2.04%, both of  which are within acceptable limits for use in 
concrete. The fineness modulus test for fine aggregate confirmed that the sand used falls under Zone I as per 
IS 383-1970, which refers to coarse sand that is suitable for concrete work requiring high strength. The Los 
Angeles Abrasion test was also carried out to check the hardness and durability of  the coarse aggregate. The 
original sample weight was 5000 g and the weight retained on the 1.7 mm sieve after the test was 3860 g, 
giving an abrasion value of  24.8%. This value is within the acceptable range for concrete work, confirming 
that the coarse aggregate used in this study is hard, durable, and less affected by abrasion, making it suitable 
as a standard aggregate for the preparation of  porous concrete. 

The compressive strength of  porous concrete increased with curing age for all fine aggregate replacement 
levels, indicating continuous hydration and strength development over time (Shanthi Vengadeshwari et al., 
2025). Among the mixes, the 80% fine aggregate replacement showed the highest compressive strength, 
attaining approximately 12.4 MPa at 28 days, which suggests optimum performance at this replacement level 
as shown in figure 3. In contrast, the 90% replacement mix exhibited comparatively lower strength due to 
increased void content and weaker aggregate bonding. The small error bars indicate good consistency and 
reliability of  the experimental results. Overall, the study demonstrates that curing age and fine aggregate 
replacement percentage significantly influence the compressive strength behavior of  porous concrete.
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Figure 3: Compressive Strength Development of  Porous Concrete with Different RCA Replacement 
Percentages under Water Curing Conditions.

The figure 4(A) shows compressive strength development of  concrete mixes with 60%, 70%, 80%, and 90% 
cement replacement levels, tested at 3, 7, 14, and 28 days of  curing. At 3 days, all mixes performed similarly, 
with strengths ranging from 2.8 to 3.7 MPa. The 60% replacement mix had the highest early strength 
while the 90% mix started lowest. This indicates that early hydration was not significantly affected by the 
replacement level.

Between 7 and 14 days, the 80% replacement mix gained strength faster than the others, reaching nearly 7.9 
MPa at 14 days. The remaining mixes showed slower and more comparable growth during this period. At 28 
days, the 80% replacement mix reached the highest strength at about 12.3 MPa, which was higher than all 
other mixes. The 60% and 70% mixes both reached around 10.1 MPa, and the 90% mix reached 9.9 MPa. This 
shows that a higher replacement level does not always reduce final strength. The 80% mix performed best 
overall, likely due to a more active pozzolanic reaction at that proportion. Beyond 80% replacement, strength 
slightly dropped, suggesting that too little cement content begins to limit proper hydration. The trend lines 
as shown if  figure 4 (A) support a continued upward strength gain for all mixes, with the 80% mix showing 
the steepest projected growth.
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Figure 4: A) Compressive Strength Vs Curing age and Trend Analysis, B) Box Plot of  Compressive 
Strength for Different Replacement Percentage
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The box plot shown if  figure 4(B), analysis of  compressive strength for different replacement percentages 
of  fine aggregate indicates that strength characteristics improved progressively up to 80% replacement 
and decreased thereafter at 90% replacement. Among all mixtures, the 80% replacement level exhibited the 
highest mean and median compressive strength values, demonstrating superior mechanical performance and 
improved aggregate interlocking characteristics. Although the 80% mix showed relatively higher variability, 
it achieved the greatest overall strength development compared to other replacement levels. In contrast, the 
90% replacement mix showed lower strength values, suggesting that excessive replacement adversely affects 
the bonding and matrix densification of  the concrete. Therefore, based on the statistical distribution and 
strength performance, 80% replacement of  fine aggregate can be considered the optimum proportion for 
enhancing compressive strength characteristics.

Figure 5: Regression Analysis of  Compressive Strength

The figure 5 presents a regression analysis of  compressive strength development for four cement replacement 
levels, 60%, 70%, 80%, and 90%, over a curing period of  3 to 28 days. All four mixes show a strong linear 
relationship between curing age and compressive strength. The R² values for all mixes are very close to 1, 
specifically 0.996 for 60%, 0.990 for 70%, 0.999 for 80%, and 0.985 for 90%. These high values confirm that 
curing age is a very reliable predictor of  strength gain in all mixes, and the linear model fits the data well.

The 80% replacement mix has the highest R² value of  0.999 and the steepest trend line slope, meaning its 
strength grew most consistently and rapidly with curing time. It reached approximately 12.4 MPa at 28 
days, which was the highest among all mixes. The 60% and 70% replacement mixes show nearly identical 
trend line slopes and converge at around 10 MPa by 28 days. Their data points follow the trend lines closely 
throughout the curing period. The 90% replacement mix has the lowest R² value of  0.985 and the flattest 
slope, indicating slightly more variability and a slower rate of  strength gain. It reached close to 9.9 MPa 
at 28 days, which was the lowest final value. The regression analysis confirms that strength gain follows a 
consistent and predictable linear trend across all replacement levels. The 80% mix shows the best fit and 
the highest strength development rate, making it the most efficient mix in terms of  long term strength 
performance. During the compressive strength test of  PCC, vertical cracks were observed parallel to the 
direction of  loading, indicating axial splitting failure as shown in figure 6. As per IS 516, plain concrete 
specimens under compression commonly fail due to the development of  lateral tensile stresses. When these 
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tensile stresses exceed the low tensile strength of  PCC, vertical cracks form and propagate rapidly. Since 
PCC contains no reinforcement, the failure was sudden and brittle (Katakam et al., 2025). The maximum 
compressive strength obtained was 12.42 MPa.

	 (A)	 (B)
Figure 6: A & B development of  cracks

The comparative study on compressive strength development revealed that conventional M15 concrete 
exhibited higher strength than porous concrete at both 7 and 28 days of  curing. Conventional concrete 
achieved strengths of  11.02 MPa and 16.32 MPa at 7 and 28 days respectively (Sai Sindhu K, 2015), with an 
overall strength gain of  48.09%. In comparison, porous concrete (80% replacement) attained 4.5 MPa at 7 
days and 12.42 MPa at 28 days, showing a significantly higher strength increment of  176% during the curing 
period. Although porous concrete demonstrated lower early-age strength due to its higher void content and 
reduced bonding, it exhibited substantial later-age strength development, thereby reducing the strength 
difference between the two concretes at 28 days (Nataraja et al., 2023).

Conclusion
The study evaluated the compressive strength development of  porous concrete with fine aggregate 
replacement levels of  60%, 70%, 80%, and 90% over curing periods of  3, 7, 14, and 28 days. The results 
clearly demonstrate a continuous increase in compressive strength with curing age for all mix proportions, 
confirming effective cement hydration and progressive bonding within the porous concrete matrix. Among 
all the mixes, the 80% fine aggregate replacement consistently exhibited superior performance, achieving the 
highest compressive strength of  12.42 MPa at 28 days. The comparative analysis indicates that although all 
mixes followed a similar strength development trend, the 80% replacement mix showed the most efficient 
strength gain, particularly after 7 days of  curing, suggesting enhanced internal matrix formation and 
improved inter-particle bonding. In contrast, the 90% replacement mix recorded the lowest strength at all 
curing ages, indicating that excessive replacement adversely affects cementations bonding due to reduced 
cement content. Statistical and regression analyses further confirmed a strong linear relationship between 
curing age and compressive strength for all mixes, with R² values close to unity, validating the reliability of 
the observed strength trends. The box plot analysis also supported that the 80% replacement level achieved 
the highest mean and median strength values, although with slightly higher variability. In comparison with 
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conventional M15 concrete, porous concrete showed lower absolute strength values; however, it exhibited a 
significantly higher percentage strength gain during curing, indicating strong later-age development. Despite 
this improvement, porous concrete remained suitable primarily for light-load applications such as pedestrian 
pathways, garden walkways, and low-traffic surfaces. Overall, 80% fine aggregate replacement is identified as 
the optimum level for balancing strength performance and porosity characteristics in porous concrete.
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