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To investigate the effect of nano-clay on the fatigue properties of cold recycled asphalt
mixtures and explore its potential to enhance the mechanical performance of these
materials. The study involved adding nano-clay to cold recycled asphalt mixtures in varying
proportions. A four-point bending test was employed to evaluate the fatigue properties and
assess the impact of different nano-clay percentages on the performance of the mixtures.
The addition of nano-clay significantly enhanced the fatigue properties of cold recycled
asphalt mixtures when used in appropriate amounts. However, percentages exceeding one
percent led to a reduction in fatigue resistance, highlighting the importance of optimizing
additive proportions. Nano-clay is a promising additive for improving the mechanical
properties of cold recycled asphalt mixtures, particularly fatigue resistance. However,
precise control over the additive quantity is crucial, as excessive amounts may adversely
affect performance. These findings provide valuable insights for optimizing cold recycling
processes and guiding future research.
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Introduction
Cold in-place recycling (CIR) is a sustainable and innovative technique for rehabilitating

asphalt pavements. This method addresses environmental concerns by significantly reducing
the consumption of natural resources, project costs, energy use, and air pollution. CIR
involves milling and pulverizing existing asphalt layers, with or without underlying base
layers, and then processing the materials directly on-site. The reclaimed material is mixed
with bituminous binders such as emulsion or foamed bitumen, and additives like cement,
lime, or fly ash may be introduced to enhance the mixture's mechanical properties. The
resulting recycled mixture is laid and compacted without the need for heating, creating a
structurally sound pavement layer. CIR is often completed with a final asphalt or surface
seal layer to accommodate traffic demands.

One of the primary challenges in CIR is achieving optimal performance in terms of
durability and mechanical properties. Traditional bitumen binders may not always provide
the desired results, especially in recycled mixtures that often have compromised material
properties. To address these issues, researchers have explored the use of additives that can
improve the performance of both the binder and the recycled asphalt mixture.
Nanotechnology, with its ability to manipulate materials at the molecular level, has
introduced promising solutions to these challenges. Nano additives, such as nano-clay, nano-
silica, and nano-lime, are increasingly being studied for their effectiveness in modifying
asphalt binders and mixtures. Nano-clay, in particular, has gained attention due to its unique
ability to improve mechanical properties like fatigue resistance, stiffness, and resistance to
deformation. The interaction between nano-clay particles and the asphalt matrix enhances
compatibility and performance, even with minimal quantities of the additive.

Studies on nano-clay in asphalt mixtures have demonstrated improvements in fatigue
resistance, stiffness, and rutting performance. However, the effect of nano-clay in CIR
mixtures remains an area of interest. This study aims to evaluate the mechanical
performance of CIR mixtures modified with nano-clay, focusing on key properties such as
fatigue resistance, dynamic creep, resilient modulus, and Marshall Stability. By identifying
the optimal dosage of nano-clay, this research seeks to contribute to more durable,
sustainable, and cost-effective pavement rehabilitation methods.

Method
This study investigates the impact of nano-clay on the mechanical properties of cold-

recycled asphalt using bitumen emulsion. The materials used include reclaimed asphalt
aggregate, nano-clay, limestone aggregate, and anionic bitumen emulsion (SS-1). Detailed
properties of each material and the methodologies for their evaluation are as follows:
e Moisture Content of Recycled Aggregates: The moisture content of reclaimed
asphalt aggregates was measured following ASTM C136 and ASTM C137
standards. Samples were dried and weighed at specific intervals, and the moisture
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content was calculated using the formula and the average moisture content was
0.684%.

e Binder Content of Recycled Aggregates: The binder content was determined
following AASHTO TP53-95 and calculated as 6.03%.

e Aggregate Gradation: After binder removal, gradation was analyzed per ASTM
C117 and C136. The gradation results (Table 2) were evaluated against standard
requirements. Limestone aggregates were used to correct the gradation when
necessary.

e Bitumen Emulsion Properties: An SS-1 anionic bitumen emulsion was used, offering
long-term workability without requiring solvents. Its viscosity, stability, and residual
binder penetration values are detailed in Table 3. While effective, its slow breaking
time was noted as a disadvantage.

e Nano-Clay Characteristics: Montmorillonite nano-clay (Cloisite 15A) with specific
structural properties (1 nm thickness and 70-150 nm width) was employed. Detailed
specifications are summarized in Table 4.

e Dynamic Creep Test: This test evaluates the rutting performance of asphalt mixtures
by analyzing accumulated strain under repeated loading. The UTMS5 device was used
with semi-sinusoidal loading at 0.5 Hz. The results highlighted three strain phases:
initial, stabilized, and accelerated deformation.

e Resilient Modulus Test: Resilient modulus was assessed using the UTM5 device
following ASTM D4123. This parameter indicates the elastic response of asphalt
mixtures under loading conditions.

The findings provide a comprehensive evaluation of material properties and performance
metrics, forming a basis for understanding the influence of nano-clay on the durability and
mechanical performance of cold-recycled asphalt mixtures.

Results

This study used Marshall Stability, dynamic creep, and resilient modulus tests to evaluate
the mechanical properties of cold-recycled asphalt mixtures with nano-clay additives. Key
findings include:

Optimal Bitumen and Water Content: The optimal bitumen content for the control sample
was determined to be 3.4%, with an optimal water content of 3.51%. For mixtures
containing 2%, 4%, and 6% nano-clay, optimal bitumen and water contents slightly
increased (Tables 8 & 9).

Marshall Stability Results: Adding nano-clay up to 4% enhanced Marshall stability. A 2%
addition increased stability by 1.6%, while 4% resulted in a 4.4% improvement. Beyond 4%,
no further improvement was observed, indicating 4% as the optimal nano-clay dosage.
Dynamic Creep Test (Flow Number): The addition of 2% nano-clay increased the flow
number by 41.2%, demonstrating significant improvement in resistance to permanent
deformation. However, higher dosages (4% and 6%) reduced the flow number by 12.1% and
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17.1%, respectively, compared to 2% nano-clay. Despite this, all mixtures with nano-clay
performed better than the control sample.

Resilient Modulus Results: The resilient modulus increased with higher nano-clay
percentages. A 2% addition resulted in a 6.8% increase, 4% yielded a 10% increase, and 6%
achieved an 18.6% improvement compared to the control sample. This indicates that nano-
clay enhances the stiffness and elasticity of asphalt mixtures.

Conclusions

Nano-clay improves the mechanical properties of recycled asphalt mixtures. The optimal
performance is achieved at 4% nano-clay for stability and at 2% for creep resistance.
Increasing nano-clay consistently enhances the resilient modulus, suggesting its potential for
structural applications in pavement layers. Based on the conducted experiments, the effects
of nano-clay addition on the mechanical properties of cold-recycled asphalt with bitumen
emulsions are summarized as follows:

Marshall Stability: Adding up to 4% nano-clay increases Marshall stability. However,
further increases beyond 4% do not enhance stability.

Resilient Modulus: The resilient modulus significantly improves with increasing nano-clay
content. At 6% nano-clay, the resilient modulus increases by approximately 18% compared
to the control sample.

Flow Number (Dynamic Creep): Adding more than 2% nano-clay reduces the rate of
increase in the flow number. Nevertheless, any amount of nano-clay results in an
improvement in the flow number compared to the control sample.
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