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Abstract

Urbanization has significantly altered the hydrological cycle by increasing the extent of
impervious surfaces, which obstruct natural infiltration processes and contribute to urban
flooding. Permeable paver blocks (PPBs) have emerged as a viable, eco-friendly solution that
enables water percolation and promotes groundwater recharge. This paper evaluates the design,
material composition, and performance of PPBs through laboratory testing and a field-based
pilot study. The research findings indicate a marked improvement in rainwater infiltration,
reduced surface runoff, and moderate structural strength suitable for low-traffic areas.
Furthermore, cost-benefit analysis and sustainability implications of using PPBs are discussed to
reinforce their application in urban drainage systems.
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1. Introduction

The rapid pace of urban development has introduced a significant share of impervious materials
such as asphalt, tiles, and concrete into cityscapes, disrupting the natural water cycle. Rainwater,
instead of percolating into the ground, accumulates on surfaces, leading to urban floods, erosion,
and reduced groundwater levels. Addressing this challenge requires integrating permeable
surfaces into urban infrastructure.

Permeable paver blocks (PPBs) are one such innovation that balances structural utility with
ecological benefits. These blocks, designed to allow water infiltration, act as a decentralized
solution to rainwater harvesting. Unlike conventional pavements, PPBs promote infiltration
directly at the source of rainfall, reducing the burden on drainage infrastructure.

This study investigates the properties, application, and field performance of PPBs in a semi-
urban Indian context.

2. Literature Review

Ferguson (2005) reported that permeable pavements can reduce storm water runoff by up to
90%, proving their efficiency in hydrological management. Similarly, Hunt et al. (2006)
observed a substantial reduction in peak discharge during rainfall events. International studies,
including those by the US EPA and UK’s SuDS (Sustainable Drainage Systems), recommend
permeable pavements for mitigating urban flood risks.
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In the Indian context, CPCB (2021) encourages the use of rainwater harvesting systems,
including PPBs, as part of urban stormwater management guidelines. Ramesh and Shankar
(2019) studied pervious concrete and noted its positive contribution to urban aquifer recharge.
Moreover, case studies from urban local bodies indicate reduced dependence on centralized
stormwater drainage systems where permeable paving is adopted.

3. Materials and Methodology
3.1 Materials Used

Cement: Ordinary Portland Cement (OPC) 53 grade

Coarse Aggregates: 10 mm downgraded angular granite aggregates
Water: Potable quality water

Fine Aggregates: Excluded to enhance permeability

Admixtures: None used; natural porosity was retained

3.2 Mix Proportions

Three concrete mix designs were used, primarily varying the water-cement (w/c) ratio:

Mix ID|Cement (kg/m?3)|Coarse Aggregate (kg/ms3)\w/c Ratio[Target Void Ratio (%)
M1 350 1200 0.35 20
M2 350 1200 0.40 22
M3 350 1200 0.45 25

3.3 Testing Procedures

Compressive Strength: Conducted at 28 days in accordance with IS 516.
Porosity: Determined via volumetric displacement.

Infiltration Rate: Measured with a constant-head permeameter.

Field Implementation: A 10 m2 PPB system was installed on campus.

4. Results and Discussion

4.1 Laboratory Results

Mix ID|Compressive Strength (MPa)|Porosity (%)|Infiltration Rate (mm/hr)
M1 18.2 195 78
M2 15.6 22.1 85
M3 13.4 25.6 92
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A higher w/c ratio increased the porosity and infiltration rate but reduced strength. Mix M2
provided the best balance for applications such as walkways and low-traffic parking lots.

4.2 Field Observations

« Runoff Reduction: 65% reduction observed during moderate rainfall (20-40 mm/hr).
o Infiltration Time: Complete infiltration within 10-15 minutes.
« Durability: No visible degradation after 3 months.

5. Environmental and Sustainability Impact
PPBs offer a localized, low-cost, and low-energy solution to urban water stress. Their role in
reducing the urban heat island effect and minimizing flood damage translates to long-term

environmental gains. With proper maintenance, they reduce dependence on artificial drainage
systems and recharge aquifers effectively.

6. Design and Construction Considerations

Key factors for successful PPB implementation:
« Proper subgrade preparation to prevent waterlogging
o Layered base of gravel and geotextiles

« Regular maintenance to avoid surface clogging

Designs must account for regional rainfall, soil permeability, and intended traffic load. 1S
15658:2006 provides specifications for precast paving blocks.

7. Cost-Benefit Analysis
7.1 Costs

« Initial Installation Cost: 12% higher than conventional pavers.
« Maintenance Costs: Minor, related to surface cleaning and sediment removal.

7.2 Benefits
e Reduced flood-related infrastructure repair costs

« Long-term water conservation and recharge benefits
o Enhanced property value in eco-certified developments
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8. Visual Aids

To enhance understanding, the following images illustrate various aspects of permeable paver
blocks:

Figure 1: Permeable Paver Installation

Figure 2: Cross-Section of Permeable Pavement Layers
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Figure 3: Permeable Pavement with Grass Infill

9. Conclusion

Permeable paver blocks present a sustainable and efficient solution for rainwater management in
urban areas. This study highlights their capacity to balance ecological and structural demands.
Laboratory and field results affirm their effectiveness in reducing runoff and enhancing

infiltration. Their integration into urban planning codes can provide a scalable solution to combat
urban water stress.
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