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Abstract.  Asphalt is a coating material commonly used in road infrastructures. It is constituted of a mineral 

skeleton in which cohesion is ensured by a hydrocarbon binder. The appearance of the striping phenomenon which 

provoke the progression of several degradations of the coatings is well known. These degradations mainly occur 

at the rolling surface. A good bond between the aggregates and the bitumen in the layers of the pavement ensures 

the durability of the road surface. However, there are aggregates extracted from eruptive and metamorphic rocks 

that cannot be used in road construction because they have a low affinity with bitumen. The adhesion of granulate 

with binder may be improved using several techniques. The scope of this research work is to study a technique to 
enhance the aggregate-bitumen adhesion by modifying the binder characteristics with some additives through a 

series of tests on a number of samples with different mixtures. 

 
1 INTRODUCTION 

The presence of water, especially during winter, in pavements causes a great deal of damage to pavements, 

including the removal of aggregates and the appearance of potholes on bituminous pavements. The stripping occurs 

when the adhesive bond between the bitumen and the aggregate weakens in the presence of water. In this research 

work, we are interested in using the technique of improving the aggregate-bitumen bond by modifying the binder. 

The type of asphalt mix, the choice of aggregates, binder and possible additives are all factors that affect the 

behavior of asphalt during wet periods [1]. Irreversible damage is generally accentuated by the repetition of freeze-

thaw cycles in the presence of water, which can lead to asphalt damage. The degradation is reinforced by the 

phenomenon of water expansion which, when it freezes, dissociates the bonds between the aggregates and the 

bitumen, as demonstrated in the study by C. Mauduit et al. [2]. Some additives have been proposed to improve the 

resistance of asphalt to this type of deterioration. For example, P. Hao and Y. Hachiya [3] tested different 

compounds, liquid or pulverulent. 

Additives of different nature are used to modify the characteristics of bituminous mixtures. They are divided into 

the following families: 

• The polymers, 

• Recycled plastics, 

• Rubber aggregates, 

• Fibers of different types, mineral, synthetic or metallic, 

• Natural bitumen and asphalt, 

The stability of bituminous mixtures in water is a very important subject in order to avoid a lot of damages on the 

pavements. In this context, a laboratory test was carried out on semi-granular bituminous mixes, In order to study 

the effect of the modification of the bitumen to increase, significantly, the behavior of the mixes in the presence 

of water. The tests involve several types of aggregates of different nature, with and without addition. 

This study addresses the potential benefits of hydrated lime in increasing the resistance to dewaxing of bituminous 

aggregates. For this purpose, the work focused on the impact of the disintegration phenomenon in bituminous 

mixes, focusing mainly on the nature of the aggregates and the beneficial effect or not of hydrated lime in asphalt. 
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2   MATERIALS  

2.1   Aggregates 

Four types of aggregates from different Algerian quarries have been selected for their different qualities of bitumen 

adhesiveness. The adhesiveness has been described as good or poor according to whether they are used in the 

production of asphalt mixes. Table 1 gives the sources of  aggregates. 

 

                            

Type of Aggregate Sources 

A1 Oued Al-Athmania, Constantine 

A2 Oued El Keberit, Souk Ahras 

A3 El fedjoudj, Guelma 

A4 El Hmaima, Tebessa 

Table.1: Sources of aggregates 

 

2.2   Bitumen 

The bitumen binder chosen is a pure bitumen 35/50 commonly used in the manufacture of bituminous mixtures 

for roads. The characteristics of the bitumen used according to the identification tests are summarized in Table 2. 

 

 

Experiment Value Standard No 

Experiment Penetration 

Grade at 25oC, 1/10 mm 
42 

NF EN 1426 

NF T 66-004 

Softening Point 47 -60 
NF EN 1427 

NFT 66-008 

Ductility value  (cm) >60 
NF EN 13589 

NFT 66-066 

Table 2:  Characteristics of bitumen 

 

2.3   Lime 

2.3.1  Properties of lime 

Lime is a natural and organic product that respects the environment. Lime is a material, generally powdery and of 

white color, obtained by thermal decomposition of limestone. It has been used since ancient times, especially in 

construction. It finds a privileged place in the building sector and in building materials. Lime occurs at different 

stages of soil treatment, and its quality has a direct influence on the efficiency of soil treatment [4]. Some properties 

of lime have particular advantages for the improvement of bitumen characteristics. 

 

A-Basicity 

The lime is strongly basic; the solutions have a pH greater than 12. 

B-Hydration 

The quicklime is very greedy for water. By hydrating, it extinguishes with a strong release of heat. This property 

is used, for example, to dry the soils and aggregates heavily impregnated with water according to the following 

relation: 

 

CaO + H2O → Ca (OH)2 + 64,8 KJoule/kg of lime 

 



 
2.3.2   Physico-chemical properties of the lime used 

The lime used in this study is a high quality hydrated lime manufactured at the unit of Oum Djérane (wilaya of 

Saida) affiliated to the ERCO (Western Cement and Derivatives Enterprise) group in western Algeria. Table 3 

gives the chemical and physical characteristics of the lime used in this study. 

 

Properties Technical sheet of lime 

Physical appearance Dry white powder 

Calcium oxide CaO                  (%) > 73.3 

Magnésium Oxide MgO           (%) < 0.5 

Iron oxide Fe2O3                      (%) < 2 

Aluminium Oxide d'Al2O3        (%) < 1.5 

Silicon dioxide SiO2                 (%) < 2.5 

Sulfur trioxide SO3                    (%) < 0.5 

Sodium oxide Na2O                  (%) 0.4 - 0.5 

Carbon dioxide CO2                 (%) < 5 

Calcium carbonate CaCO3        (%) < 10 

Specific Density (g/cm3) 2 

More than 90 μm                      (%) < 10 

More than 630 μm                    (%) 0 

Insoluble material                     (%) < 1 

Apparent Density                     (g/l) 600-900 

Table 3:  Physico-chemical properties s of the lime used 

 

The lime must be sufficiently fine to react quickly with the other elements (This characteristic is guaranteed with 

a grain size of 0-2mm). When using the modified bitumen with lime an important reaction occurs: a highly 

exothermic hydration reaction of the quicklime with the moisture present in the aggregates of the mixes by 

eliminating the water content thereof. This reaction gives off heat, which warms the aggregates and causes the 

water to evaporate. 

3   EXPERIMENTAL WORK 

Several tests have been carried out on the materials prepared from selected types of aggregates. First, the test of 

passive adhesiveness according to standard XP T 66-043 [5] made it possible to clarify the good or poor character 

of the adhesiveness of the aggregates. This test is carried out conventionally on 100 g of aggregates 6/14 previously 

dried and then coated with 5 g of bitumen 35/50. 

The mixture is covered with approximately 300 ml of water previously heated to 60 ° C. and placed for 16 hours 

in an oven at 60 ° C. We then notice (visually) the percentage of the surface of the aggregate remaining covered 

by the bitumen [7]. 

The result in% represents the average of 5 visual observations of 5 different operators. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

Figure 1. Percentage of bitumen overlay depending on type of aggregate 

 

Then, tests for different types of aggregate with the Duriez test (NF EN 12697-12 method B [6]) made it possible 

to evaluate the resistance to water of the mixes. 

In all cases, the specimens were prepared according to the standard Duriez procedure (static compaction of 1 kg 

samples under a load of 60 kN applied for 300 s -NF EN 12697-12 [6]). 

The specimens were then saturated with water at rates of 55% to 80%. Their compressive strength at 20°C. and 1 

mm/min was systematically measured. The damage was assessed using the i/C ratio: standard 7 day Duriez 

conditioning in a bath at 18 ºC (NF EN 12697-12 method B [6]); 

 

 

 

Type A1 A2 A3 A4 

Average ratio 

R'c/Rc 
0.80 0.78 0.78 0.70 

Table 3. Result of Duriez Test with 0% Lime 
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Figure 2. R'c/Rc ratio with 0% Lime 

The purpose of the formulation study carried out in the laboratory is to determine the percentage of lime to be 

added to the bitumen. It also makes it possible to directly test the effectiveness of the modification of the bitumen 

in order to obtain the desired performance for an application aimed at fixing the quantity of the lime to be used. 

This study, generally, includes measurements of adhesiveness (sensitivity to water). In a formulation study, 

different assays are evaluated to optimize the amounts of the addition. 

A formulation study makes it possible to check the improvement of the aggregate-bitumen adhesion and to 

determine the optimum dosage to be applied. The weight percentages of lime added are respectively 0.5%, 1%, 

1.5% and 2%. 

The results of the disinfection tests carried out with the different percentages of lime addition clearly show that 

this modification improves the bond between the bitumen and the aggregates tested. The figures 2 to 6 show the 

different test results of the adhesiveness obtained with different percentage of addition. 
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Figure 3. R'c/Rc ratio with 0.5% Lime 

 

 

B- 1% of lime 

 

 

Figure  4. R'c/Rc ratio with 1% Lime 

C- 1.5% lime 

 

Figure 5. R'c/Rc ratio with 1.5% Lime 
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D- 2% of lime 

 

Figure  6. R'c/Rc ratio with 2% Lime 

 

 

Type A1 A2 A3 A4 

Lime 

content

% 

0.5 2 

 

0.5 2 

 

0.5 2 0.5 2 

Average 

ratio 

R'c/Rc 

0.80 0.85 0.78 0.85 0.81 0.86 0.71 0.75 

Table 4: Result of Duriez Test with 0.5% and 2% Lime 

4   ANALYSIS AND RESULTS 

From the results obtained from the disinfection tests carried out on the mixes with the different percentage of the 

lime we note that the adhesiveness increases proportionally with the percentage of the lime added. There is an 

important difference between the reference material A3 and the materials A1 and A2 confirming that A1 and A2 

have a lower adhesiveness than A3. The material A3 is always the best coated whatever the test conditions, 

confirming its good adhesiveness. The hydrated lime has a beneficial effect on materials A1 and A3 but not on A2 

at the assay tested. The material A1 appears as good as the material A3 with the Duriez protocol, whereas their 

respective results of passive adhesiveness allowed to anticipate the opposite. 

Despite differences in adhesiveness between materials A3 and materials A1 or A2 without hydrated lime the R'c/Rc 

ratios are greater than 78% for A1, A2 and A3 and 70% for A4. 

The addition of hydrated lime improves their adhesiveness by 11-20%. However, there is a significant 

improvement in the adhesiveness of this good material by the addition of hydrated lime. 

For the material A3 of good adhesiveness, the resistances with and without hydrated lime in the air and in the 

water remain comparable in view of the precision of the tests. 
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CONCLUSION 

This study was conducted to measure the beneficial or non-beneficial effect of hydrated lime in bituminous mixes. 

The tests of passive adhesiveness made it possible to validate the good or bad adhesiveness of the materials. They 

have also shown, by adaptations of the procedure, on the adhesiveness but also the beneficial effect of the hydrated 

lime, in particular on the aggregate A3. 

Finally, by the resistance test with water, the beneficial effect of the hydrated lime on the mixes could be quantified 

with a significantly improved R'c/Rc ratio. 

Beyond these comparisons, it appears that the standard Duriez protocol makes it difficult to highlight the 

differences in water resistance detected by the passive adhesive test. Indeed, all the materials, with or without 

hydrated lime, pass largely the specifications in force (R'c/Rc > 80%) whereas the test of passive adhesiveness 

clearly highlights the risks associated with the use of A2 or A4 without additive. 

The lime has interesting characteristics which make it possible to improve the properties of adhesiveness as well 

from a chemical and physical point of view. By stiffening the bituminous mix, it increases which decreases the 

capacity of the water to enter the binder-aggregate system. The lime wraps the aggregates and induces the polar 

components in the binder to bind to the surfaces of the aggregates. The lime is strongly basic, it neutralizes the 

acidity of the aggregates, it can therefore transform a hydrophilic granulate into a hydrophobic granulate if it is 

applied appropriately, and thus form strong adhesion bonds which resist the action of 'humidity. Similarly, 

hydrated lime succeeds in changing the chemical characteristics of the aggregate surfaces. It alters their surface 

energy and thus allows stronger links with the hydrocarbon binders. This mechanism results in a higher resistance 

against the disintegration mechanisms. 

The results obtained in this study on the different formulations studied are promising and show that the addition 

of a low percentage of lime (2%) in asphalt mixtures positively influences adhesiveness. 

In all cases, the use of hydrated lime is confirmed as a promising avenue to increase the resistance to the damage 

of bituminous mixes in very humid region 
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