
Considerations on the amount of active filler on the mix design of 

bituminous stabilised materials. 

Beatriz Chagas Silva Gouveiaa*, Francesco Pretia, Elena Romeob and 

Gabriele Tebaldic 

a PhD Students, Department of Engineering and Architecture, Università di Parma 

Parco Area delle Scienze, 181/A, 43124, Parma (Italy) 

beatriz.chagassilvagouveia@studenti.unipr.it 

b Assistant Professor, Department of Engineering and Architecture, Università di Parma 

Parco Area delle Scienze, 181/A, 43124, Parma (Italy) 

c Associate Professor, Department of Engineering and Architecture, Università di Parma 

Parco Area delle Scienze, 181/A, 43124, Parma (Italy) 

*Corresponding Author 

Keywords: Cold recycling mixtures; cold recycling mix design; recycled asphalt; 

RAP; active filler. 

Background 

Cold recycling is the term used for recovering and re-using material from an existing 

pavement, without heating aggregates. This technology can be currently employed to 

construct all types of pavements, ranging from minor access roads to major multi-lane 

highways. Whenever a pavement is in a distressed state, then recycling the existing 

material becomes an option and provides benefits such as lower construction costs, 

improved service life and a major reduction in the negative environmental impact. 

Unlike hot recycling that is confined to heating and reusing asphalt material, the field of 

cold recycling includes a wide range of applications, from relatively thin layers 

comprising mainly asphalt material (also known as “cold-in-place recycling”) to thicker 

layers that include two or more different pavement materials (also named “full depth 

reclamation”). 

Cold in place recycling is growing in importance since it provides environmental 

and economic benefits. Several authors in the recent years (Ebel and Jenkins 2007; 

Dave, 2011; Stroup-Gardiner, 2011; Betti et al., 2017; Tebaldi et al., 2018) list some 



main advantages of cold recycling techniques such as reduction of consumption of 

natural materials and reduction of amount of waste, as it allows to reuse high-cost 

material, reduction of energy consumption, as it avoids aggregate heating, fuel 

consumption and resulting CO2 emissions, and also reduces transportation and heavy 

vehicle traffic. On the other hand, the authors also state some challenges to be faced, 

such as designing a proper mixture using the available materials, controlling mixture’s 

water content, and quick achievement of bearing capacity sufficient to allow completion 

of repaving work. 

Where an existing pavement is recycled, old seals or asphalt surfacing is usually 

mixed with the underlying layer and treated to form a new base or subbase layer. This 

new layer may be constructed using Bitumen Stabilized Materials (BSM), which are 

composed of a granular material (such as virgin aggregates, recycled cement treated 

materials, and/or up to 100% reclaimed asphalt), treated with either bitumen emulsion 

or foamed bitumen (Asphalt Academy, 2009). BSM enhances the properties of recycled 

pavement materials, providing equal or better service lives compared to those 

achievable with virgin materials, at a lower cost. According to Ebel and Jenkins (2007), 

binder content in mixes with a high percentage of RAP may be reduced to achieve 

similar mix properties because no binder absorption takes place in case of the RAP 

particles, cohesion is enhanced, and durability and moisture susceptibility is improved 

by the old binder on the RAP particles. 

Cold in place recycling using BSM technology is a popular technique, most 

probably, according to Betti et al. (2017), because it can be simply obtained mixing 

reclaimed asphalt (RA) aggregates from the bound layers with the aggregates from the 

unbounded layers of pavement. Together with several advantages, the authors state an 

important challenge faced by pavement engineers and researchers: how to manage the 



addition of active fillers. Some materials treated with a bituminous stabilizing agent 

have poor retained strength properties (i.e. they lose strength when immersed in water). 

This can be addressed by the addition of an “active filler” such as hydrated lime or 

cement. Small amounts of active filler can significantly increase retained strength 

without affecting the flexibility of the layer. The active fillers also facilitate the 

dispersion of bitumen in the mixture, help the control over the moisture content and 

treat fine plastic particles in the aggregates. They also act as a dispersion catalyst with 

foamed bitumen and promotes breaking when used with bitumen emulsion. It is 

therefore common practice to use cement or hydrated lime in conjunction with 

bituminous stabilizing agents. 

When cement is used as active filler, Asphalt Academy (2009) suggests the 

application rate must be limited to a maximum of 1% by mass of dry aggregate. Above 

these application rate, the benefit of the bitumen is hardly achievable, as the increase in 

mix stiffness compromises significantly the deformability of the material, and the layer 

may present brittle behaviour. 

Scope and objective 

The main objective of this study is to evaluate the influence of the amount of added 

active filler on the mechanical properties of cold recycled mixtures stabilised with 

bitumen.  

The scope of the study consists in analysing the differences on the mechanical 

behaviour of BSM mixtures prepared with different types of active filler, i.e. cement 

and lime, added in different amounts. 

Materials and Methods 

Two mixtures with different percentages of active filler were tested following the 



Indirect Tension Test and Triaxial Compression Test, both prescribed on the South 

African Technical Guideline for the design and construction of bitumen emulsion and 

foamed bitumen stabilised materials (Asphalt Academy, 2009). 

Foam Bitumen-Stabilized Mix with Cement 

The Foam Bitumen-Stabilized Mix with Cement (Mixture FB-C) was designed with 

foam bitumen and cement as active filler, using a volumetric approach. Table 1 shows 

the final mix design, in percentages by mass of dry aggregates. The investigated 

percentages of cement were 0, 1, 1.5 and 2%. The percentage of mineral filler was also 

changed in order to keep the total amount of filler constant at 7%. The mix design was 

adopted from the round robin of RILEM TC RAP on cold recycled mixtures was, with 

the percentage of foam bitumen fixed at 3%, as well as the amount of water. Figure 1 

presents the size distribution of the RAP employed to produce FB-C mixture. 

Mix Design FB-C FB-C0 FB-C1 FB-C1.5 FB-C2 

RAP FB-C 93% 93% 93% 93% 

Mineral Filler 7% 6% 5.5% 5% 

Active Filler (cement) 0% 1% 1.5% 2% 

Foamed Bitumen 3% 3% 3% 3% 

Total Water 3% 3% 3% 3% 

Table 1. Mix designs for the foam-bitumen-based BSMs 



 

Figure 1 Size gradation of the RAP on the Mixture FB-C 

Emulsion-Stabilized Mix with Lime 

The emulsion-stabilized mix with lime (Mixture EM-L) was designed with a neutral pH 

emulsion, with 60% of residual natural bitumen and lime as active filler, following the 

procedures from Asphalt Academy (2009). Table 2 shows the final mix design, in 

percentages by mass of dry aggregates. The investigated percentages of active filler 

were 1, 2, 3, 4 and 5%. The percentage of mineral filler was also changed in order to 

keep the total amount of filler constant at 5%. The percentage of residual bitumen was 

designed at 2%, and the optimum fluid content at 5.2%. Figure 2 presents the size 

distribution of the RAP utilized to produce the mixture EM-L. 

Mix Design EM-L EM-L1 EM-L2 EM-L3 EM-L4 EM-L4 

RAP EM-L 95% 95% 95% 95% 95% 

Mineral Filler 4% 3% 2% 1% 0% 

Active Filler (lime) 1% 2% 3% 4% 5% 

Total Emulsion 3.3% 3.3% 3.3% 3.3% 3.3% 

Residual Bitumen 2% 2% 2% 2% 2% 

Optimum Fluid Content 

(emulsion + added water) 
5.2% 5.2% 5.2% 5.2% 5.2% 

Table 2. Mix designs for the emulsion-based BSMs 
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Figure 2 Size gradation of the RAP on the Mixture EM-L 

IDT test 

The indirect tension test was used as an indirect measure of the tensile strength and 

deformability of the BSM, by measuring the resistance to failure of a cylindrical 

specimen 152 mm in diameter and 95 mm high when a constant displacement is applied 

to the edges of the specimen. The specimens were compacted on the Vibrating Hammer 

WLV-1 (Kelfkens, 2008) and free-surface cured for 28 days at room temperature. The 

applied controlled displacement was 50.8 mm/minute and the test was performed at 

room temperature (~ 25°C) (Asphalt Academy, 2009). 

Triaxial test 

The monotonical triaxial test was used to determine the shear properties of the BSM, i.e. 

cohesion and internal friction angle. The specimens have a 152 mm diameter and 300 

mm height and were also compacted on the Vibrating Hammer WLV-1 (Kelfkens, 

2008) and free-surface cured for 28 days at room temperature. The applied controlled 

displacement was 3 mm/minute, at four different confining pressures, 0, 50, 100 and 

200 kPa (Asphalt Academy, 2009), at room temperature (~ 25°C). 
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Results 

Mixtures FB-C (Foam Bitumen-Stabilized Mix) 

Figures 3 and 4 present the results of the indirect tension test and monotonical triaxial 

test, respectively, for the FB-C mixture.  

Based on the IDT test results (Figure 3), it is possible to observe that the 

behaviour of the mixtures with 1, 1.5 and 2% of cement are quite similar for the dry 

specimens (blue columns), varying from 237kPa to 260 kPa. However, for the wet 

specimens (red columns), it must be highlighted an important increase on ITS for the 

mixture with 2% of cement. This result may indicate a problem with the amount of 

added water on the mix design, as the cement seems to be not fully hydrated, increasing 

the mixture’s strength after wet conditioning. 

 

Figure 3 ITS and ITR results for the FB-C mixtures 

 

Based on the monotonical triaxial test results (Figure 4), it is possible to observe 

that the behaviour of the mixtures with 1.5 and 2% presents a changing on the 

mechanical shear properties, as both an important increment on cohesion and decrease 

of the friction angle are observed. This result allows to make the hypothesis that the 
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cement has become the real binder of the mixture, instead of the bitumen, which might 

create an increase of fragility on those mixtures.  

  

Figure 4 Monotonic triaxial test results for the FB-C mixtures 

 

Mixtures EM-L (Emulsion-Stabilized Mix) 

. Figures 5 and 6 present the results of the indirect tension test and monotonical triaxial 

test, respectively, for the EM-L mixture.  

Based on the IDT test results (Figure 5), it is possible to observe that the indirect 

tension resistance of the mixtures (blue column) varies within a small range, especially 

considering the mixtures with 2, 3 and 4% of lime. The peak of resistance is reached 

when the amount of active filler is 3%. However, it is also possible to observe a 

decrease on the dry resistance to rupture of the mixtures with 4 and 5% of lime. For the 

wet specimens (red columns), the added lime provides a retained indirect tension 

resistance always above 55%, reaching up to 80% when the amount of lime is 5%. 
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Figure 5 ITS and ITR results for the EM-L mixtures 

 

The results of the monotonical triaxial test (Figure 6) seem to endorse the IDT 

test results, indicating the uniformity of behaviour between the mixtures with 2, 3 and 

4% of lime, regarding either the cohesion and the friction angle. For the mixture with 

5% of lime an important increase on the friction angle is reported, although the 

respective cohesion remained constant. 

  

Figure 6 Monotonic triaxial test results for the EM-L mixtures 

Conclusions 

Two different groups of BSM mixtures were tested, with the objective to evaluate how 

the mechanical behaviour of these partially bounded materials change according to the 

amount of added active filler, either cement or lime. In a general evaluation, it is 

possible to conclude that BSM designed with cement are more susceptible to 
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mechanical behaviour changes when compared to BSM designed with lime, as cohesion 

and friction angle changed substantially after successive additions of 0.5p.p. of cement. 

This means that the structural design of the layers must be followed to a more precise 

mix design of the BSM itself, along with a more accurate mixing control on field 

operations. With respect to BSM designed with cement, it is evident that the mix design 

phase must be performed with special attention to the water content, in order to provide 

full hydration of cement particles in the mix. Special care should also be taken when 

designing the amount of cement, as percentages above 1.5% on dry aggregate weight 

may produce highly brittle BSM. 

With respect to BSM designed with lime, a more constant mechanical behaviour 

was noticed on the mixtures produced with different percentages of lime. This 

characteristic may be very interesting on the field management, especially when water 

content control is necessary.  
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