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Accepted: Gravel pavements, a type of permeable pavement, can mitigate the adverse
November 10, 2025 impacts of urbanization on the hydrological cycle and environment in urban and
]A)Z:;Ef:zro;gnzea ’s rural areas. This study evaluated the performance of porous gravel pavements
’ without (O) and with one (G1), two (G2), or three (G3) layers of plastic geocells,
focusing on runoff volume reduction, time to runoff onset (TR), runoff coefficient
(C), runoff end time (TER), and peak flow rate (PF). Experiments were conducted
under three rainfall intensity scenarios and two slope levels using a rainfall
simulator. A total of 24 laboratory-scale physical models were tested, each
Keywords: consisting of 15 cm of sandy loam soil overlaid with 15 cm of gravel, with geocell
runoff, geocell, sand, layers incorporated into the gravel as applicable. Data were analyzed using the
rainfall simulator, factorial method and Duncan’s multiple range test in SPSS 21 software.
rainfall intensity Significant differences (p < 0.05) were observed in TR and C across all
scenario treatments. Variations in rainfall intensity and treatment type also significantly
affected PF and TER. The G3 treatment consistently exhibited the lowest
cumulative runoff volume, indicating superior runoff reduction compared to G2,
G1, and O treatments. Additionally, increasing geocell layers delayed the onset
of runoff. The G3 pavement was also more cost-effective than other treatments in
terms of C and PF. However, no definitive conclusions could be drawn regarding
the TER parameter.

1. Introduction

Urbanization significantly impacts the hydrological cycle, leading to increased runoff and flooding in urban
areas. To mitigate these effects, Low Impact Development (LID) techniques have gained traction,
emphasizing sustainable practices to manage stormwater. Among these techniques, permeable pavements,
particularly those incorporating geocells, have shown promise in improving infiltration and reducing runoff.
This study investigates the effectiveness of geocell-reinforced sand pavements in controlling runoff
parameters under variable rainfall intensities. The research aims to evaluate how the number of geocell layers
affects runoff volume reduction, time to start runoff, runoff coefficient, and peak flow rate, providing insights
into optimizing urban flood management strategies.
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2. Materials and Methods

The experimental setup consisted of 24 physical models designed to simulate various conditions of sand
pavements with differing geocell configurations. The models were categorized into four groups: one without
geocells (control) and three with one (G1), two (G2), and three (G3) layers of geocells. Two slope conditions
(0% and 5%) were applied to assess their influence on runoff behavior.

Using a rainfall simulator, three distinct scenarios of variable rainfall intensities were tested, based on the
Intensity-Duration-Frequency (IDF) curves of Semnan, Tabriz, and Rasht, representing dry, moderate, and
wet climates, respectively. The rainfall intensities varied from 45 to 200 mm/h across different scenarios,
each lasting 15 minutes. The runoff parameters measured included total runoff volume, time to start runoff
(TR), runoff coefficient (C), runoff end time (TER), and peak flow rate (PF). Statistical analyses were
performed using SPSS21, applying factorial methods and Duncan’s multiple range test to assess significant
differences at the 5% level.

3.  Results

The findings indicate a noteworthy impact of geocell layers on runoff parameters. The cumulative runoff
volume was significantly lower in the G3 treatment compared to G1, G2, and the control treatment across
all rainfall scenarios. For instance, the cumulative runoff volume in the G3 models consistently demonstrated
superior performance, suggesting enhanced runoff absorption and retention capability.

Time to start runoff (TR) was delayed with each additional layer of geocell. Specifically, for scenario 1 ata
5% slope, the TR for G3 was 44 minutes, compared to 56 minutes for the control. This trend emphasizes
that more geocell layers contribute to prolonged water retention, thus delaying runoff initiation. The runoff
coefficient (C) also decreased with an increasing number of geocell layers, indicating improved efficiency
in managing stormwater.

The peak flow rate (PF) was significantly reduced in the G3 treatment compared to the control. This
reduction highlights the effectiveness of geocell structures in mitigating flooding risks by controlling the
rate at which water is discharged into drainage systems.

4.  Discussion and Conclusion

The study reinforces the potential of geocells as a valuable component in urban stormwater management
systems. By effectively delaying runoff and reducing peak flow rates, geocell-reinforced pavements can
significantly enhance the hydrological performance of urban landscapes. The results align with existing
literature that advocates for permeable pavements as effective tools for flood management.

The findings suggest that integrating multiple layers of geocells in pavement design not only improves runoff
control but also offers a cost-effective solution compared to traditional impervious surfaces. Future research
should explore the long-term performance and maintenance aspects of geocell pavements, as well as their
environmental benefits in promoting urban sustainability.

In conclusion, this study contributes to the growing body of knowledge on innovative stormwater
management practices, providing empirical evidence supporting the use of geocells in permeable pavements.
The successful application of this technology can lead to more resilient urban infrastructures capable of
coping with the challenges posed by climate change and urbanization.
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