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Performance of Reclaimed Asphalt 

Pavement - Fly Ash - Lime Mixtures, 

Submitted to Severe Climatic Conditions 
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FILHOa, Mariana da Silva CARRETTAa and Helena Batista LEONa 
aLEGG, Federal University of Rio Grande do Sul, Brazil 

Abstract. This research evaluates the long term performance of reclaimed asphalt 
pavement - coal fly ash - carbide lime mixtures, with and without addition of 0.5% 
NaCl subjected to wet-dry (WD) and freeze-thaw (FT) cycles. The reuse of these 
by-products in layers of road pavements, reducing the consumption of natural 
resources and eliminating the disposal of these residues in undue places. The 
splitting tensile strength and unconfined compression, as well as the accumulated 
loss of mass, have been evaluated as a function of the porosity/volumetric content 
of lime index (η/Liv). The results showed that the mixtures submitted to wet-dry 
cycles presented better performance than when subjected to freeze-thaw cycles. An 
order of effectiveness (in terms of increasing freeze-thaw durability) can be stated:  
Dry unit weight increase (20.6%) > NaCl (11.8%) > Carbide Lime (19.7%). Drained 
triaxial compression tests in specimens with dry unit weight of 17kN/m³ and 7% 
lime yielded a 3.4° increase in the friction angle with the addition of 0.5% NaCl, 
while the cohesive intercept had an increase of 42.8kPa. 
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1. Introduction 

The use of natural materials in geotechnical earthworks such as embankments, layers of 

pavements (base and sub-base) is notably important due to huge quantities of resources 

employed in such applications. On the other hand, certain industrial activities produce 

large amounts of residues, such as reclaimed asphalt paving (RAP), carbide lime and 

coal fly ash (CFA). These wastes are often disposed without proper treatment, along the 

highways, when its use can become an environmental liability, since the rains end up 

carrying this residue to streams and rivers. In that sense, the technique of ground 

improvement allows the reuse of these by-products in earthworks, reducing the 

consumption of natural resources, eliminating the disposal of these residues in undue 

places and, sometimes, increasing the geotechnical properties of the natural soil.  

Consoli et al.[1] developed a rational dosage procedure for compacted soil-industrial 

wastes mixtures, involving the porosity/lime index (η/Liv), which has been proved to be 

a proper parameter to predict the unconfined compressive strength (qu), splitting tensile 

strength (qt) and accumulated loss of mass of RAP-fly ash-lime blends [2]. The present 
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research aims to investigate the performance of RAP – CFA - lime mixtures with and 

without sodium chloride addition, submitted to severe climatic conditions (variation of 

temperature, Freeze-Thaw tests, and variation of moisture, Wet-Dry tests). Particularly 

in southern Brazil, the temperatures reaching extremes of - 15 °C in winter and over 

40 °C in summer [3]. The study focuses on the unconfined compressive strength, splitting 

tensile strength (qt) as well as on the durability of such blends, as a function of the 

porosity/lime index. 

 

Figure 1. Particle size distribution of the RAP and CFA. 

2. Experimental program 

2.1. Materials 

The Reclaimed Asphalt Paving (RAP) is from BR 290 highway (Brazil). This material 

had 5% of bitumen (SBS Modified - PG 70-22S) following ASTM D2172 [4]. The 

composition of used granulometry is 70% of material retained in the 4’’ sieve and 30% 

of the material passing through the same sieve. The Fly ash has an extremely fine 

granulometry (100% less than 0.15 mm) with spherical particles. The grain size 

distribution and characterization results of RAP and CFA are presented in Figure 1 and 

Table 1, respectively. The carbide lime (L) is a by-product of the production of acetylene 

gas, it was used throughout this investigation as the alkaline activator agent. The 

determination of calcium oxide established a value of 96%. In addition, its specific 

gravity (ɣs) is 2.12, accordance to ASTM D 854 [5]. Milled coarse salt has been used as 

pozzolanic catalyst, this material consists essentially of NaCl and iodine. After the 

grinding process, it has specific gravity of 2.72, then it was diluted in the moulding water.  

Table 1. Properties of RAP and CFA samples. 

Properties   RAP CFA 

Plasticity index (%)      Nonplastic Nonplastic 

Specific gravity  2.51 2.18 

Mean particle diamenter, D50 (mm) 5.00 0.022 
Classificação SUCS GW (Well-graded gravel) ML (Silt) 
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3. Methods and results 

3.1.  Moulding and curing of specimens 

The lime contents were based on Initial Consumption of Lime Method, proposed by 

Rogers et al. [6]. Adopting the values of 3, 5 e 7% in this research. Three different dry 

unit weights (17, 18 and 19kN/m³) and a moisture percentage of 9% was based on the 

Proctor compaction curves. All specimens were cured with 7 days at 23°C. A percentage 

0.5% of NaCl was adopted based on international experience [7]. It is important to note 

that the percentage of CFA was constant (25%). The amount of RAP, fly ash and lime 

compose the total dry mass of the mixture, the amounts of water and salt have been 

calculated in relation to the sum of the dry material. All specimens followed the moulding 

procedures: weighing the mixture, compaction, demoulding, packaging, storage and 

curing. On the 6th day of curing, the specimens were submerged in water for a period of 

24 hours, aiming to minimize the effects of matrix suction [2]. The nomenclature of test 

specimens was defined as follows: dry unit weight /% of Cal /% of NaCl (durability test 

type: WD wet-dry; FT – freeze-thaw). 

 

Figure 2. qu x η/(Liv)
0.11 for RAP-CFA-carbide lime with and without salt, cured at 23°C. 

3.2. Unconfined compression strength (qu) 

Due to the granulometry of the RAP, 10 cm diameter and 20 cm high test specimens 

were used according to the Standard ASTM C 39 [8]. The automatic press has a 

maximum capacity of 100kN and a calibrated dynamometric ring with a capacity of 

10kN. With a deformation speed of 1.14mm per minute. Figure 2 shows the results for 

the unconstrained compressive strength (qu) of the mixtures with and without NaCl 

addition, in terms of η/(Liv)0.11. Good coefficients of determination (R² = 0.96) can be 

seen in relation to the obtained curves, indicating that the index η/(L iv)0.11 is a good tool 

in determining the resistance. An increase of 43.1% over qu can also be analyzed for 

RAP-CFA-lime mixtures of carbide with addition of 0.5% NaCl, cured at 23 ° C. 
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3.3. Splitting tensile strength (qt) 

The kind of compression test followed the NBR NM 8 [9]. The same procedures, 

equipment and control criteria applied for the unconfined compression tests were used, 

changing only the position of the specimen during the test and its dimensions (6cm in 

height and 10cm in diameter). From Figure 3 it is possible to analyze the results obtained 

for the splitting compression strength (qt) of RAP-CFA-lime carbide mixtures in terms 

of η/(Liv)0.11. A 17% increase qt was observed, with the addition of 0.5% NaCl. 

 

Figure 3. qt x η/(Liv)
0.11 for RAP-CFA-carbide lime with and without salt, cured at 23°C. 

 

Figure 4. Accumulated Loss of Mass (ALM) X Freeze-Thaw Cycles (FT) for RAP-CFA-carbide lime mixture, 
with and without sodium chloride (NaCl). 

3.4. Freezing - thawing durability (FT) 

The tests following the ASTM D 560 [10]. Each cycle lasts 48 hours, with 24 hours of 

freezing at temperatures below -23°C. Then 23 hours of defrost at room temperature and 

1 hour for brushing and weighing. Similar to the procedures described for the wetting 
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and drying tests. Based on Figure 4, it can be observed that the most significant gain in 

durability with the addition of NaCl occured for the γd17/C5/S0.5 (FT) specimen, which 

improvement is 11.8%. By analyzing the other mixtures studied, it is possible to 

determine an order of effectiveness in terms of increasing freeze-thaw durability: 

Compaction > Sodium Chloride (NaCl) > Carbide Lime. 

 

Figure 5. Accumulated Loss of Mass divided by the number of FT cycle X η/(Liv)
0.11 for 6, 9 and 12 cycles 

from RAP-CFA-carbide lime mixtures. 

Based on Figure 5, which defines the normalization of the Accumulated Loss of 

Mass loss (ALM) by the number of cycles in relation to η/(Liv)0.11 it ensures that the ALM 

is controlled by this index for all freeze and thaw cycles. In addition, it could indeed be 

said that the reduction in ALM due to the addition of salt is more pronounced for higher 

values of η/Liv, that is, for mixtures with higher porosities (lower compaction) and lower 

lime contents. 

3.5. Wetting-drying durability (WD) 

Specimens measured 12.7cm in height and 10cm in diameter. Mass loss was determined 

in each of the 12 wetting-drying cycles. Each cycle has a duration of 48 hours, being 5 

hours for water immersing (23°C ± 2°C), 42 hours for drying in an oven at 71°C ± 2°C 

and 1 hour for brushing. The side of the specimen was brushed with 19 strokes and top 

and base with 4 strokes, using a force of 13.3N, following the ASTM D 559 [11]. 

Comparing Figure 4 and 6 it is perceptible that the specimens subjected to WT 

cycles have lower ALM, because they have stronger bonds when compared to FT cycles. 

Besides that, the ALM is reduced with increasing carbide lime content and increasing 

dry unit weight (γd). Comparing the specimens with and without salt, the addition of 

0.5% NaCl has more pronounced effects in the FT cycles than in the WD cycles.  

Based on Figure 7, for this type of durability, the ratio η/(Liv)0.11 controls the long-

term behaviour (durability) of the analysed mixtures. The analysis of the presented data 

suggests a different behaviour between the tests of durability, FT and WD, relative to the 

efficiency of each component in the mixture. The main reasons for these differences are 

due to the process of wetting and temperature variation of each test on the pozzolanic 

reactions. 
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Figure 6. Accumulated Loss of Mass (ALM) X Wet-Dry Cycles (WD) for RAP-CFA-carbide lime mixture, 
with and without sodium chloride (NaCl). 

 

Figure 7. Accumulated Loss of Mass (ALM) for 1, 3, 6, 9 and 12 WD cycles X η/(Liv)
0.11 on RAP-CFA-carbide 

mixtures without 0.5% of NaCl. 

3.6. Triaxial 

Specimens measured 10cm in diameter and 20cm in height. Isotropic consolidated 

drained triaxial tests (CID) was performance. On the process of saturation, backpressure 

application on successive increments of ~23kPa, maintaining an effective stress of 20kPa 

until reaching a maximum back pressure of 380kPa. However, in the Shearing step, at 

the 7th day of curing with constant deformation rate (0.06mm/min). Area and membrane 

corrections were used in the calculation of the deviatoric stress [12, 13]. Was applied 

effective confinement stress of 20, 40 and 60kPa for mixtures with dry unit weight of 17 

kN/m³ and 7% of carbide lime. For the stress-strain analysis, the total axial strain (εa) 

and the stress invariant q (deviatoric stress) were used for the mixtures with and without 
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0.5% NaCl (Figure 8), being defined by the difference between the axial and radial 

effective stresses. It is possible to notice that, with the increase of the effective 

confinement stress, the strength of the mixtures increases, both for the specimens with 

and without NaCl addition. The increase of the resistance peak with the addition of 

sodium chloride as catalyst of the pozzolanic reactions is clear. The initial behaviour of 

the mixtures seemed to be rigid and apparently linear up to a well-defined plastification 

point, where there was an increase in plastic deformations until fragile rupture of the 

specimen. 

 

Figure 8. Stress-Strain Behaviour for mixtures (a) without and (b) with sodium chloride (NaCl). 

 

Table 2 presents the strength parameters obtained in the triaxial tests. A slight 

increase of 3.4° in the friction angle was observed with addition of 0.5% NaCl. The 

cohesive intercept had an increase of 42.8 kPa, that is, the envelope practically shifted 

upwards, thus increasing the resistance of the mixture by accelerating the pozzolanic 

reactions with the addition of a catalyst (sodium chloride). 

 

Table 2. Strength Parameters of RPA-CFA-carbide lime mixtures. 

% of NaCl Friction Angle (°) Cohesive Intercept (kPa)

0  52.7 20.5

0.5  56.1 63.3

4. Conclusions 

Long term performance of compacted RAP-CFA-carbide lime mixtures is a function of 

η/(Liv)0.11. Such material is more durable under wetting-drying than freezing-thawing 

conditions. The ALM of the mixtures tested decreases with higher carbide lime content 

and higher dry unit weight;An order of effectiveness in terms of increasing thawing 

durability was defined: Compaction > Sodium Chloride (NaCl) > Carbide Lime. 

According to the strength and durability requirements, the earthwork (mainly pavement 

layers) designer can establish the adjusted η/(Liv)0.11 that fulfils the design needs. 
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