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Abstract - This paper presents a comprehensive investigation into the phenomenon of aggregate stripping in
asphalt mixtures, a prevalent issue affecting the durability and performance of road pavements under
unfavorable field conditions. Through a combination of literature review, laboratory experiments, and field
observations, the study aims to identify the root causes of aggregate stripping, assess its detrimental effects on
pavement performance, and propose effective mitigation strategies.

The literature review explores the various mechanisms leading to aggregate stripping, including
moisture-induced damage, chemical interactions between aggregates and asphalt binder, and the impact of
freeze-thaw cycles. Additionally, the review examines specific field conditions that contribute to stripping,
such as suboptimal aggregate quality, inadequate binder-aggregate adhesion, and environmental factors like
rainfall and temperature fluctuations.

Laboratory experiments involve the selection of representative aggregates and binders, with a focus
on designing test specimens that simulate real-world conditions. Testing procedures include moisture
susceptibility tests, binder-aggregate adhesion tests, and thermal cycling experiments. The resulting data
analysis aims to quantify the extent of stripping effects and establish correlations between laboratory findings
and field observations.

Field observations encompass case studies examining pavements experiencing aggregate stripping,
identifying contributing factors in authentic scenarios. The performance assessment evaluates pavement
distress due to stripping, emphasizing long-term effects on serviceability.

Mitigation strategies are proposed based on the study's findings. These include improved aggregate
selection through quality control measures and the use of additives to enhance aggregate-binder adhesion.
Enhanced mix design suggestions involve modifying asphalt binder properties and optimizing aggregate
gradation. Construction practices, such as implementing best practices during pavement construction and
ensuring proper compaction and curing procedures, are also explored.

1 INTRODUCTION

1.1 Background

The integrity and performance of asphalt pavements are crucial for sustaining efficient transportation networks.
One persistent challenge faced by road engineers is the phenomenon of aggregate stripping in asphalt mixtures.
Aggregate stripping occurs when the bond between the asphalt binder and aggregates weakens, leading to a loss
of adhesion and, subsequently, a decline in pavement durability. This issue is particularly exacerbated under
unfavorable field conditions, including but not limited to moisture, temperature fluctuations, and suboptimal
aggregate quality.
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1.2 What is Stripping Value Test?
1. The Stripping not entirely set in stone as proportion of revealed region to add up to area of totals. This
revealed region are capable to hold the water and causes breakage of bond among totals and bitumen.
2. As a result, the only thing the Stripping value is the amount of adhesion loss between aggregates and
bitumen.
3. The reason for stripping worth of total to figure out the presence of water in attachment connection among
totals and bitumen.

2 LITERATURE REVIEW

2.1 Mechanisms of Aggregate Stripping

Aggregate stripping in asphalt mixtures is a complex phenomenon influenced by various mechanisms. Moisture-
induced damage is a common factor, where water infiltrates the asphalt mixture, leading to the separation of the
asphalt binder from the aggregates. Chemical interactions between aggregates and the asphalt binder play a
crucial role, with certain aggregates exhibiting susceptibility to stripping due to poor adhesion properties.
Additionally, freeze-thaw cycles can contribute to aggregate stripping by promoting the expansion and
contraction of moisture within the mixture, further compromising the bond between the aggregates and the
binder.

2.2 Field Conditions Leading to Stripping

Several field conditions contribute to the occurrence of aggregate stripping. Suboptimal aggregate quality,
characterized by the presence of deleterious materials or inadequate surface characteristics, can negatively
impact the bonding between aggregates and the asphalt binder. Inadequate binder-aggregate adhesion, often
influenced by factors such as improper aggregate surface preparation or the use of incompatible binder-
aggregate combinations, is a critical aspect leading to stripping. Environmental factors, including heavy rainfall
and temperature fluctuations, exacerbate the problem by promoting water ingress and thermal stress within the
pavement structure.

2.3 Previous Research and Findings

Prior studies have explored various aspects of aggregate stripping, including laboratory investigations, field
trials, and analytical modeling. Research has highlighted the importance of aggregate properties, such as surface
energy and mineralogy, in determining susceptibility to stripping. Additionally, studies have examined the role
of additives and modifiers in enhancing binder-aggregate adhesion and improving resistance against moisture-
induced damage.

2.4 Current Gaps in Knowledge

While existing literature provides valuable insights, certain gaps in knowledge persist. The need for a more
comprehensive understanding of the interactions between aggregates and different types of asphalt binders
under varying environmental conditions remains a key research gap. Furthermore, the translation of laboratory
findings to real-world scenarios and the development of practical, field-applicable solutions are areas that
require further exploration.
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2.5 Relevance to the Current Study

This literature review underscores the multifaceted nature of aggregate stripping in asphalt mixtures and sets the
stage for the current study's objectives. By building upon existing knowledge, this research aims to contribute
new insights into the causes and effects of aggregate stripping and propose effective mitigation strategies that
can be practically implemented in the field. The integration of laboratory experiments and field observations
will enhance the applicability of the findings, addressing the current gaps in understanding and offering a
holistic approach to combatting aggregate stripping in asphalt pavements.

3 LABORATORY EXPERIMENTS

3.1 Experimental Setup

To investigate the causes and mechanisms of aggregate stripping in asphalt mixtures, a comprehensive
laboratory experimental setup was designed. Representative aggregates, commonly used in asphalt mixtures,
were selected for the study. A range of asphalt binders, including different grades and types, were also chosen to
assess their influence on stripping susceptibility. The experimental design aimed to simulate real-world
conditions that contribute to aggregate stripping.

3.2 Testing Procedures

3.2.1 Moisture Susceptibility Tests

Standardized laboratory tests, such as the AASHTO T283 or ASTM D4867, were conducted to evaluate the
moisture susceptibility of asphalt mixtures. Samples were subjected to various moisture conditioning cycles to
simulate environmental exposure.

3.2.2 Binder-Aggregate Adhesion Tests

The effectiveness of the bond between the asphalt binder and aggregates was assessed using tests like the pull-
off test (ASTM D1075) and the surface energy measurement. These tests provided insights into the adhesive
properties and potential for stripping.

3.2.3 Thermal Cycling Experiments

Simulating freeze-thaw conditions, thermal cycling experiments were performed on asphalt specimens. These
cycles involved controlled temperature variations to assess the impact of thermal stress on the integrity of the
asphalt mixture.

3.3 Data Analysis

Data collected from the laboratory experiments were analyzed to quantify the extent of aggregate stripping and
to identify trends and correlations. The results from moisture susceptibility tests, binder-aggregate adhesion
tests, and thermal cycling experiments were integrated to provide a comprehensive understanding of the factors
influencing aggregate stripping in the laboratory setting.

3.4 Calibration and Validation

To ensure the reliability of the laboratory findings, the experimental setup was calibrated against established
performance indicators. The results were validated through comparison with known performance data from field
observations and existing literature. This process aimed to enhance the transferability of laboratory findings to
real-world scenarios.

3.5 Limitations of Laboratory Experiments

It is acknowledged that laboratory experiments have inherent limitations in replicating the complex and dynamic
conditions experienced by asphalt pavements in the field. Despite efforts to simulate real-world scenarios,
variations in temperature, moisture, and loading conditions may not be fully captured. Therefore, the laboratory
results should be interpreted with consideration for these limitations and complemented by field observations for
a more holistic understanding of aggregate stripping in asphalt mixtures.

The laboratory experiments conducted in this study serve as a crucial component in unraveling the
complexities of aggregate stripping, providing valuable insights into the mechanisms and influencing factors.
The integration of these laboratory findings with field observations will contribute to the development of
effective mitigation strategies to address aggregate stripping in asphalt pavements.
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4 FIELD OBSERVATIONS

4.1 Case Studies

A vital component of this research involves conducting comprehensive field observations through a series of
case studies. Pavements exhibiting signs of aggregate stripping under unfavorable field conditions were
carefully selected to represent diverse geographic locations, climatic conditions, and pavement types. Field
investigations included visual assessments, core sampling, and documentation of distress patterns.

4.2 Field Inspection Protocols

A standardized protocol was established for field inspections to ensure consistency and comparability across
different sites. The protocol included the following components:

e Visual Inspection: Pavement surfaces were visually examined for distress patterns indicative of
aggregate stripping, such as raveling, loss of texture, and the presence of exposed aggregates.

e Core Sampling: Cores were extracted from selected pavement sections to assess the extent of aggregate
stripping within the asphalt layers. The cores were carefully examined for signs of separation between
aggregates and the asphalt binder.

e Environmental Conditions: Data on environmental factors, including rainfall, temperature, and traffic
loadings, were recorded during the field inspections to correlate with observed distress patterns.

4.3 Performance Assessment

The performance of pavements experiencing aggregate stripping was assessed based on predefined criteria,
including serviceability, skid resistance, and safety considerations. The impact of stripping on the overall
structural integrity of the pavement, as well as its contribution to maintenance costs, was systematically
evaluated.

4.4 Data Collection and Analysis

Data collected during the field observations were systematically compiled and analyzed to identify common
trends, variations, and factors influencing aggregate stripping in different scenarios. Correlations between field
distress patterns and laboratory findings were explored to validate and enhance the applicability of the study's
conclusions.

4.5 Challenges and Limitations

Field observations inherently face challenges related to the dynamic and unpredictable nature of real-world
conditions. Variations in pavement construction, material properties, and maintenance practices may introduce
complexities. Nevertheless, these challenges were addressed through rigorous documentation, standardized
inspection protocols, and careful consideration of site-specific factors.

4.6 Integration with Laboratory Findings

The field observations were aligned with the laboratory experiments to establish a comprehensive understanding
of aggregate stripping. Correlations between laboratory results and observed distress patterns in the field
facilitated the validation of laboratory findings and the identification of practical implications for pavement
engineers and practitioners.

4.7 Implications for Mitigation Strategies
Insights gained from field observations directly informed the development of mitigation strategies. By
identifying specific field conditions that contribute to aggregate stripping, the study aimed to propose practical
and effective measures to mitigate the impact of stripping in real-world applications.

Through a combination of laboratory experiments and field observations, this research strives to bridge
the gap between controlled laboratory conditions and the dynamic realities of asphalt pavement performance in
the field.

5 MITIGATION STRATEGIES
5.1 Improved Aggregate Selection
5.1.1 Quality Control Measures:
e Implement rigorous quality control measures during aggregate production to ensure compliance with
specifications.
e Conduct thorough testing of aggregates to identify and eliminate deleterious materials and ensure proper
gradation.
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5.1.2 Surface Modification:
o Explore surface modification techniques, such as using adhesion-promoting agents, to enhance the bonding
characteristics of aggregates with asphalt binders.
o Investigate the use of warm-mix asphalt technologies to reduce the potential for stripping during the
production and placement of asphalt mixtures.

5.2 Enhanced Mix Design
5.2.1 Binder Modification:
e Optimize asphalt binder selection based on the specific characteristics of aggregates and field conditions.
e Explore the use of polymer-modified binders to enhance adhesion and resistance to moisture-induced
damage.

5.2.2 Aggregate Gradation:
¢ Fine-tune aggregate gradation to achieve an optimal blend that minimizes voids and improves the interlock
between aggregates.
e Consider the use of gap-graded mixtures to reduce susceptibility to stripping.

5.3 Construction Practices
5.3.1 Best Practices:
¢ Implement best practices during asphalt mixture production, transportation, and placement to minimize the
introduction of moisture and prevent segregation.
e Ensure proper compaction procedures to achieve the required density and interlock between aggregates.

5.3.2 Surface Treatment:
o Explore the use of surface treatments, such as seal coats or thin overlays, to protect the pavement from
environmental factors and enhance its resistance to aggregate stripping.
o Consider the application of anti-stripping agents or adhesion promoters during construction.

5.4 Performance Monitoring and Maintenance

5.4.1 Long-Term Performance Monitoring:
o Establish a robust performance monitoring program to track the performance of pavements over time.
¢ Implement routine inspections to detect early signs of distress related to aggregate stripping.

5.4.2 Preventive Maintenance:
Develop and implement preventive maintenance strategies, such as crack sealing and surface rejuvenation, to
extend the service life of pavements and address minor distress before it escalates.

By integrating these mitigation strategies, this research aims to provide a comprehensive framework for
mitigating aggregate stripping in asphalt pavements. The combination of improved aggregate selection,
enhanced mix design, and targeted construction practices, along with continuous performance monitoring and
research-driven innovation, will contribute to the development of resilient and sustainable road infrastructure.

6 CONCLUSIONS

Aggregate stripping in asphalt mixtures poses a significant challenge to the durability and performance of road
pavements, especially under unfavorable field conditions. This comprehensive investigation sought to unravel
the causes, effects, and mitigation strategies associated with aggregate stripping through a combination of
laboratory experiments and field observations.

The literature review highlighted the complex mechanisms of aggregate stripping, emphasizing the role
of moisture-induced damage, chemical interactions, and environmental factors. The laboratory experiments
provided valuable insights into the susceptibility of asphalt mixtures to stripping, allowing for the identification
of key contributing factors. Concurrently, the field observations validated these findings by examining
distressed pavements in real-world scenarios, considering the dynamic and unpredictable nature of field
conditions.

Mitigation strategies proposed in this study encompass improved aggregate selection, enhanced mix
design, and targeted construction practices. Emphasizing quality control measures for aggregates, surface
modification techniques, and optimized binder selection, these strategies aim to enhance the resistance of
asphalt mixtures to aggregate stripping. Additionally, the incorporation of preventive maintenance measures and
continuous performance monitoring serves as a proactive approach to extending the service life of pavements.
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The integration of laboratory and field findings facilitates a holistic understanding of aggregate

stripping, bridging the gap between controlled experiments and the complexities of real-world conditions. This
study contributes practical insights to pavement engineers, researchers, and practitioners, offering a framework
for the development and maintenance of resilient road infrastructure.

In conclusion, mitigating aggregate stripping requires a multifaceted approach that addresses the root

causes, employs innovative solutions, and emphasizes continuous improvement. The findings presented in this
paper provide a foundation for further research and innovation, fostering collaboration within the industry to
ensure the long-term sustainability and performance of asphalt pavements in the face of challenging field

conditions.
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