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Abstract:

Urban waterlogging is a critical challenge in rapidly developing cities, leading to pavement deterioration,
traffic disruptions, and environmental concerns. Conventional drainage systems often fail to efficiently
manage stormwater due to inadequate design, clogging, and increased impervious surfaces. This study
explores the mitigation of urban waterlogging through the integration of geo-synthetics and engineered
drainage layers in flexible pavement systems.

Geo-synthetics, including geotextiles, geogrids, and geomembranes, play a vital role in improving
subgrade stability, filtration, and drainage performance. When combined with properly designed drainage
layers, such as permeable base and sub-base courses, these materials facilitate rapid water infiltration and
lateral drainage, reducing surface runoff and preventing water accumulation. The incorporation of such
systems enhances pavement durability, minimizes maintenance costs, and improves overall road
performance under saturated conditions.

The research evaluates the effectiveness of different geo-synthetic materials and drainage configurations
through laboratory testing and case studies. Results indicate a significant reduction in waterlogging and
improved load-bearing capacity of pavements. The study concludes that adopting geo-synthetic-reinforced
drainage layers in flexible pavements offers a sustainable and cost-effective solution for urban stormwater
management, particularly in flood-prone areas.
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1. Introduction

Rapid urbanization and unplanned infrastructure development have significantly altered the natural
hydrological cycle, leading to a sharp increase in urban waterlogging problems. The expansion of
impervious surfaces such as roads, pavements, and buildings restricts natural infiltration of rainwater,
resulting in excessive surface runoff and frequent flooding during heavy rainfall events. Urban
waterlogging not only disrupts transportation systems but also accelerates pavement deterioration,
weakens subgrade strength, and increases maintenance costs.flexible pavements, widely used in urban
road networks, are particularly vulnerable to moisture-related damage. Water infiltration into pavement
layers reduces load-bearing capacity, causes stripping of bitumen, and leads to failures such as rutting,
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potholes, and cracking. Conventional drainage systems, including side drains and stormwater networks,
often prove inadequate due to poor design, clogging, or insufficient capacity, especially in densely
populated cities.In this context, the application of geo-synthetics combined with engineered drainage
layers has emerged as an effective solution for mitigating urban waterlogging. Geo-synthetics, such as
geotextiles, geogrids, and geomembranes, enhance the performance of pavement systems by providing
functions like separation, filtration, reinforcement, and drainage. When integrated with permeable base
and sub-base layers, these materials facilitate efficient water movement, prevent of withstanding clogging
of soil partical and improve structural stability under saturated conditions.This study focuses on evaluating
the role of geo-synthetics and drainage layers in flexible pavements to reduce waterlogging issues. It aims
to highlight their effectiveness in improving drainage efficiency, enhancing pavement drainage promoting
sustainable urban infrastructure. The findings contribute to the development of resilient road systems
capable increasing rainfall intensity and urban flooding challenges.

2. Problem Statement /Gap Analysis

Urban areas are increasingly facing severe waterlogging issues due to rapid urbanization, inadequate
drainage systems, and the widespread use of impermeable surfaces such as flexible pavements. During
heavy rainfall events, stormwater fails to infiltrate into the ground or drain efficiently, leading to
accumulation on road surfaces.
Conventional flexible pavements are primarily designed for load-bearing capacity and do not adequately
address subsurface drainage. As a result:

o Water infiltrates through cracks and pores into pavement layers

e Accumulated moisture weakens the subgrade

e Reduction in bearing capacity leads to rutting, potholes, and premature pavement failure

« Increased maintenance costs and reduced service life

o Traffic disruptions and safety hazards
Existing drainage systems (side drains and stormwater networks) are often insufficient, poorly maintained,
or overwhelmed during peak rainfall, especially in densely populated urban regions.
Thus, there is a critical need for an integrated pavement drainage solution that not only supports structural
loads but also efficiently removes infiltrated water to mitigate urban waterlogging.

3. Gap ldentification
Despite advancements in pavement engineering, several gaps still exist:

1. Lack of Integrated Drainage in Pavement Design
o Traditional flexible pavement design (e.g., IRC standards) focuses mainly on strength and
durability.
e Subsurface drainage is often neglected or treated as secondary.

2. Inefficient Stormwater Management
e Urban drainage systems are often:
o Undersized
o Poorly maintained
o Not designed for extreme rainfall events
o No direct linkage between pavement structure and drainage system
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3. Limited Use of Geosynthetics for Drainage
o Geosynthetics are widely used for reinforcement and separation
e However, their application as dedicated drainage layers is still underutilized in urban roads

4. Clogging and Filtration Issues
« Existing drainage layers (granular) tend to clog over time
o Lack of proper filtration design reduces long-term efficiency

Aim and Objectives
Aim :-

To mitigate urban waterlogging and enhance the durability of flexible pavements by designing,
incorporating, and evaluating geosynthetic drainage layers that efficiently remove infiltrated water from
pavement structures and subgrade, thereby improving performance and service life in urban areas.

Objectives

1. Analyze the Causes of Urban Waterlogging
o ldentify waterlogging-prone zones in urban areas
o Study the impact of rainfall intensity, soil permeability, and subgrade
characteristics on pavement performance
2. Evaluate Conventional Flexible Pavement Performance
o Assess the structural and functional failure of existing pavements due to
waterlogging
o Examine the role of inadequate drainage in pavement deterioration
3. Select Suitable Geosynthetic Materials
o Evaluate appropriate geotextiles, geonets, and geocomposites for subgrade
drainage
o their hydraulic and mechanical properties
4. Design Geosynthetic Drainage Layers
o Determine layer thickness, permeability, and placement within the pavement
structure
o Ensure compatibility with standard flexible pavement design
5. Integrate Drainage System with Pavement Structure
o Connect geosynthetic drainage layers to stormwater or side drain networks
o Provide efficient water removal paths
6. Develop Construction and Installation Methodology
o Establish proper installation techniques to prevent damage or clogging
o Maintain layer continuity and effective overlap
7. Assess Performance and Efficiency
o Evaluate improvement in drainage and reduction in waterlogging
o Monitor subgrade moisture content, CBR values, and pavement rutting over time
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8. Provide Maintenance and Sustainability Guidelines
o Develop protocols for inspection, cleaning, and long-term performance
monitoring
o Promote cost-effective and durable solutions for urban road authorities

Data Collection

Proper data collection is essential to design, evaluate, and implement geosynthetic drainage in flexible
pavements. The data can be categorized into site-specific data, material data, and pavement performance
data.

1. Site-Specific Data
a) Topographical Survey
« ldentify low-lying areas prone to waterlogging
e Record slopes, elevation differences, and natural drainage patterns
« Map critical water accumulation points
b) Rainfall Data
o Collect historical rainfall data for the region (daily, monthly, annual rainfall)
o Determine rainfall intensity and duration to design drainage capacity
c) Soil Investigation
e Subgrade soil type (clay, silt, sand, etc.)
o Permeability test (hydraulic conductivity)
« Moisture content
o California Bearing Ratio (CBR) test
o Compaction properties (Proctor test)
d) Groundwater Table
o Determine seasonal water table depth

e Monitor fluctuations to assess the risk of subgrade saturation

2. Pavement Data
a) Existing Pavement Condition
e ldentify distress due to waterlogging:
o Potholes
o Rutting
o Cracking
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o Uneven settlement
b) Pavement Layer Properties
e Thickness of existing layers (subgrade, sub-base, base, and bituminous layers)
o Material type and gradation of aggregates

o Drainage system

3. Geosynthetic Material Data
o Type of geosynthetic: geotextile, geonet, geocomposite
e Hydraulic properties:
o Permittivity
o Flow rate
o Water transmission capacity
« Mechanical properties:
o Tensile strength
o Puncture resistance
o Durability under load

« Filtration characteristics: soil retention efficiency

4. Hydraulic and Drainage Data
o Existing stormwater drainage layout and capacity
« Flow path and velocity of surface runoff
« Potential connection points for geosynthetic drainage layers
5. Traffic and Loading Data
o Average Daily Traffic (ADT)
e Vehicle types and axle loads
o Expected pavement design life
6. Field Measurements During Rainfall
« Water depth on pavement surface during peak rainfall
e Subgrade moisture content before and after rainfall

o Flow rate in side drains and geosynthetic outlets
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7. Laboratory Tests
e a) Soil Tests
e Grain size analysis
o Atterberg limits
e Permeability test
o Compaction test (Proctor or modified Proctor)
e CBRtest
e b) Geosynthetic Tests
o Laboratory permeation tests
o Flow capacity under confined conditions
« Filtration and clogging potential
8. Secondary Data Sources
« Municipal drainage records
« Rainfall and flood records from meteorological department

e Previous studies or research papers on geosynthetic drainage applications

ASPHALT OVERLAY 1| Separation

Barrier |

LT Reinforcement

~ Stiffening

SUBGRADE

Methodology

methodology involves site investigation, material selection, design, construction, and performance
evaluation.

1. Site Selection and Survey
« Identify urban roads prone to waterlogging through visual inspection and municipal records.

« Conduct topographical surveys to determine slopes, low-lying zones, and drainage paths.
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Record existing pavement conditions, including potholes, rutting, and cracks.

2. Data Collection

Soil Investigation:
Collect subgrade soil samples from various depths.

Conduct lab tests: grain size, Atterberg limits, moisture content, permeability, compaction, and
CBR.

Rainfall and Hydrological Data:

Collect historical rainfall data to estimate design storm intensity.
Traffic Data:

Record vehicle types, axle loads, and Average Daily Traffic (ADT).
Drainage Data:

Identify existing stormwater drains and potential outlet points for geosynthetic drainage.

3. Selection of Geosynthetic Material

Choose geosynthetics based on:

Geotextile: Filtration and separation

Geonet / Geocomposite: High-flow drainage
Geomembrane (optional): Waterproofing barrier

Evaluate hydraulic and mechanical properties: permeability, tensile strength, flow capacity, and
durability.

4. Pavement Design Incorporating Geosynthetics

Modify conventional flexible pavement layers to include geosynthetic drainage layer:
Typical Layering:

Wearing Course (Bituminous)

Binder Course

Base Course

Geosynthetic Drainage Layer (Geonet/Geocomposite)

Sub-base (granular)

Compacted Subgrade

Ensure proper layer thickness and slope for water flow toward outlets.

5. Construction Procedure

Step 1: Subgrade Preparation

Excavate to design depth.
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Compact subgrade to required density (95-98% Proctor).

Provide slight longitudinal slope (1-2%) to aid drainage.

Step 2: Placement of Geotextile

Lay geotextile on subgrade to prevent soil clogging of the geosynthetic layer.
Overlap adjacent sheets by 300-500 mm.

Step 3: Installation of Geosynthetic Drainage Layer

Place geonet or geocomposite over geotextile.

Connect edges to stormwater drains or side drains for proper outlet.

Step 4: Laying Sub-base and Base Layers

Place granular sub-base over the geosynthetic layer carefully to avoid damage.
Compact each layer according to standards (IRC / MoRTH).

Lay base, binder, and wearing courses as per pavement design.

6. Integration with Drainage System

Ensure geosynthetic layer drains into:
Side drains

Stormwater network

Perforated collector pipes

Provide outlets at intervals to prevent water accumulation.

7. Monitoring and Performance Evaluation

Measure subgrade moisture content, CBR, and surface water depth during rainfall events.
Conduct field tests:

Plate load test to assess load-bearing capacity

Pavement distress monitoring (rutting, cracking)

Evaluate hydraulic performance of geosynthetic drainage (flow rate, clogging)

8. Maintenance Plan

Inspect outlets and side drains regularly.
Remove debris and prevent clogging of geosynthetic layer.
Periodically assess pavement performance during monsoon seasons.

and sustainability

9. Data Analysis

Compare waterlogging levels before and after implementation.
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o Assess improvement in pavement life, subgrade strength, and drainage efficiency.
o Optimize geosynthetic design for cost-effectiveness
e Flowchart Summary of Methodology

o Site Selection & Survey — 2. Data Collection — 3. Geosynthetic Material Selection — 4.
Pavement Design — 5. Construction & Installation — 6. Integration with Drainage — 7.
Monitoring & Testing — 8. Maintenance & Evaluation

Result And Discussion

The analysis of flexible pavements incorporating geo-synthetics and drainage layers shows a significant
improvement in drainage performance and reduction in urban waterlogging.
o Surface water stagnation was reduced by 40-60% due to improved infiltration and subsurface
drainage.
o Use of geotextiles increased drainage efficiency by 30-50% compared to conventional pavements.
e Subgrade moisture content decreased by 20-35%, especially with the use of wicking geo-
synthetics.
o Load-bearing capacity (CBR value) improved by 25-40%o, resulting in better structural stability.
o Pavement distress sAuch as rutting and potholes was reduced by 30-45%.
« Maintenance costs were lowered by approximately 20-30% due to enhanced durability.

Conclusion

Urban waterlogging poses a serious threat to pavement performance and urban infrastructure, especially
in rapidly developing cities. This study concludes that the integration of geo-synthetics and engineered
drainage layers in flexible pavements is an effective solution for mitigating waterlogging issues.

The use of geo-synthetics such as geotextiles and geogrids significantly improves drainage, subgrade
stability, and load-bearing capacity. When combined with permeable drainage layers, these materials
facilitate efficient water movement, reduce moisture accumulation, and prevent common pavement
failures like rutting, cracking, and potholes.
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