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Abstract 
 
Stripping is detachment of aggregate from bitumen. Loss of adhesion is main 
reason for stripping. Adhesion loss is principally due to the aggregate’s 

affinity towards the water, bitumen properties and aggregate characteristics. 

Anti-stripping agents are unique alternative techniques adopted, but rendered 
the financial implication. Hence it used to minimize the stripping intensity 

have a substantial drawback on increase in the cost of construction. The other 

alternative is to select the naturally available sustainable materials which are 

compatible with Bitumen, basic aggregates from Limestone & Dolomite 
stone and acidic aggregates form Granite, River Gravel, Dolerite, and 

Quartzite are utilized for evaluating bond characteristics with 80/100 grade 

Bitumen. The bond strength was evaluated with the Pull-Out Test with dry 
(D), saturated (S), saturated surface dry (SSD), and surface smooth (SSM) 

conditions of aggregates. Experimental investigation exhibits that, basic 

aggregates consists of Limestone & Dolomite have improved bonding with 
bitumen. Since these have high carbonation minerals. Acidic aggregates 

exhibited less bond strength with bitumen as these have less calcium content 

and more silica content presented in mineral texture. 

 
Key words: Stripping, Anti stripping agents, Bond strength, Limestone, 
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1 Introduction 
 

Bituminous roads have been in use since 1920. Owing to the nature in 

which it distributes load, it is commonly called the flexible pavement having 

20 years or more design life [1]. In bituminous pavements, frequent failures 
occur even after implementing standardized design methods, good mix 

design, compaction and proper drainage [2,3]. Stripping is common failure 

mechanism observed in bituminous roads, because of breaking the adhesive 

bond among the aggregate and the bitumen [4,5]. It gets initialized in the 
bottom layers of the pavement and progressively moves up [6,7]. The main 

reasons for this to happen are bitumen characteristics, characteristics of 

aggregate, and intrusion of water among aggregate and bitumen [8,9]. 
Aggregates are mainly utilized for bituminous roads in India are derived 

from rock such as granite, Dolerite, basalt, quartzite, sandstone, and 

carbonate rocks [10]. The characteristics like porosity, density, shape, and 
texture vary from aggregate to aggregate depends on rock, microstructure, 

and mineralogical composition from which the aggregates are derived 

[11,12]. Based on its mineralogical composition, they are classified as 

hydrophilic and hydrophobic (water-hating). Hydrophilic aggregates are 
known to be acidic due to their chemical structure and typically have a great 

amount of silica [13, 14]. Instead, hydrophobic aggregates are chemically 

important and have a low content of silica [15]. Limestone and Dolomite are 
primary aggregates, while Quartzite, Granite (40% silica), River gravel 

(100% silica), and Dolerite are acidic [16,17]. Bitumen being acidic in 

nature, will have greater bond strength with primary aggregates. Aggregate's 

porosity, water absorption, and texture affects bond-strength. 
Since from 1930, researchers are working on to investigate the moisture 

sensitivity of the aggregate-binder bond [18]. Water being dipolar nature has 

a better influence than aggregate whose net charge along the surface of 
crushing is either negative or positive. The interfacial region among the 

bitumen and aggregate gets intruded by water, thus increasing stripping [19]. 

Water that comes in connection with the pavement layer enters from the top 
surface (runoff) or at at sides (capillary action). Diffusion, thermal migration, 

adsorption, and capillary suction are common ways that moisture can reach 

the interface [20,21]. 

To reduce stripping, hydrated lime and anti-stripping agents are used. 
Anti-stripping agents are chemical admixtures that contain active functional 

groups and improve the bitumen film's adhesion on the surface of the 

aggregates [22]. Mixed with the binder, it lowers the surface tension of the 
bitumendue to the presence of amino and polyphosphoric or silicone. Despite 

its improved performance, the cost is significant drawback; hence an 

alternative is much required [23,24].This research mainly aims to investigate 
the bond strength of aggregates by carrying out pull-out test.  
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The pull-out test determines the bond-strength between bitumen and 

aggregate under four different conditions: dry, saturated, saturated surface 

dry and surface smooth. This research also covers the effect of bond strength 
of chemically treated aggregates as suggested by [25,26]. 

 

2 Experimental Investigation 
 

2.1 Materials 
 
2.1.1 Limestone 
 

Limestone is mainly composed of calcite and aragonite. It has different 

crystal forms of calcium carbonate (CaCO3) and accounts for around 10% of 
the whole volume of all sedimentary rocks. It is a highly essential mineral 

that is right adherents but is friable. These undergo strong acid-base and 

electrostatic interactions with bitumen. Mineral such as quartz, feldspar and 
Dolomite are present as minor constituents. Source: Yerraguntala village, 

Cuddapah (Andhra Pradesh). 

 

2.1.2 Dolomite 
 

Dolomite is calcium magnesium carbonate having a chemical 

composition of CaMg(CO3)2. It is the prime constituent of dolostone and 
dolomitic marble, sedimentary rock and metamorphic rock, respectively. It is 

a dual carbonate, which has an discontinuous structural composition of 

calcium and magnesium ions. It comprises about 53% of CaO and MgO. 
Quartz and feldspar are also present as accessory minerals. The occurrence of 

cryptocrystalline quartz makes the aggregate alkali reactive. Source: 

Bommavaram village, Obulavaripallimandal, Cuddapah, Andhra Pradesh. 

 

2.1.3 Dolerite 
 

Dolerite is a medium-grained igneous rock which is dark grey or black 
with greenish shades molded in the basaltic provinces as sills and dikes. It 

contains 40% of silica and is an acidic rock. It consists of clinopyroxene and 

plagioclase feldspar. Source: Nallaguttapalli village, Ramapurammandal, 
Cuddapah, Andhra Pradesh. 

 

2.1.4 Quartzite 
 

Quartzite is a hard, non-foliated metamorphic rock that is made initially 

from pure quartz sandstone. Quartzite is typically white to grey and occur in 

different shades of pink and red due to varying iron oxides (Fe2O3). It 
contains 95% quartz.  
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They are usually rounded to subrounded in special cases, they are 

elongated. Source: Chalammareddipalli village, Cuddapah, Andhra Pradesh. 

 

2.1.5 River Gravel 
 

River gravel consists of small fragments of rounded stone of discrete 
colors, mostly not larger than large coins. It is highly acidicand it contains 

100% silica. Source: Pondicherry. 

 

2.1.6 Granite 
 

Granite is a type of felsic intrusive igneous rock that is granulated and 

phaneritic in texture. Reliant on their mineralogy, they can be white, pink, or 
grey. They are igneous rock with at least 20% quartz and up to 65% alkali 

feldspar by volume. It is typically medium to coarse-grained and leucocratic 

inoutlook. Source: Gopagudipalli village, Ramapurammandal, Cuddapah, 
Andhra Pradesh. 

 

2.1.7 Bitumen 
 

Bitumen is the common binder used for construction of bituminous 

pavements. Its a visco-elastic material that consist of hydrocarbons and its 

derivatives. For this research bitumen grade of 80/100 was selected. 

 

2.2 Material Properties 
 
2.2.1 Aggregate Properties 
 

The aggregates Limestone, Dolomite, Dolerite, Quartzite, River Gravel, 

and Granite, are tested in laboratories to investigate their characteristics. 
Table 1 exhibits the properties of coarse aggregate tested in laboratory. 
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Table 1: Physical properties of coarse aggregate 

 

 

2.2.2 Bitumen Properties 
 

The bitumen used for this experimental investigation was tested in the 
laboratory to determine its characteristics. Table 2 represents the properties 

of bitumen. 

 
Table 2: Physical properties of bitumen. 

 

Test on bitumen Test results Technical reference 

Softening point 47°C IS:1205-1978 

Ductility 97 cm IS:1208-1978 

Penetration 87 mm IS:1203-1978 

Specific gravity 1.01 IS:1202-1978 

 
 

 

 

 
 

 

 
 

Aggregate Limestone Dolomite Dolerite Quartzite River 

gravel 

Granite Technical 

Reference 

Aggregate Impact 
Value (%) 

26.1 17.2 16.3 9.8 34.9 26.9 IS:2386  
(Part IV)-1963 

Aggregate Abrasion 

Value (%) 

35 21 24 16 32 26 IS:2386  

(Part IV)-1963 

Specific Gravity 2.3 2.67 2.81 2.91 3 2.69 IS:2386  

(Part III )-1963 

Water Absorption (%) 0.3 0.35 0.65 0.5 0.35 0.24 IS:2386  

(Part III)-1963 

Aggregate Crushing 

Value (%) 

25 20 22 14 20 22 IS:2386  

(Part IV)-1963 

Flakiness Index (%) 31 20 21 28 27 14 IS:2386  

(Part I)-1963 

Elongation Index (%) 30 17 11 31 9 18 IS:2386  

(Part I)-1963 

Angularity Number 4.7 5.9 5.4 6.9 3.5 4.5 IS:2386  
(Part I)-1963 
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2.3 Research Methodology 
 

 
Figure 1: Representation of Research methodology adopted 

Mainly six types of aggergates are collected from various locations of 
India and its physical propertie are studied for this investigation. These 

aggregates are later mixed with bitumen of 80/100 grade. Pull out test was 

carried on these aggregates under varying conditions namely dry, saturated, 

saturated surface dry and surface smooth as well it was carried on aggregates 
after treating with chemicals such as sodium carbonate, calcium carbonate, 

potassium carbonate, magnesium carbonate and sodium silicate. Fig. 1 

represents research methodology adopted in this research work. 

 

2.3.1 Test Procedure 
 
2.3.1.1 Pull out Test Carried on Different Conditions of 
Aggregates 
 

Dry aggregates are prepared by washing and drying in the oven. 
Saturated aggregates are prepared by immersing the aggregates in water for 

24 hours and the pull-out test is conducted for saturated aggregates and 

bitumen. Saturated surface dry aggregates are kept in water for 24 hours and 
the surface is wiped just before placing in the bitumen. The surface smooth 

aggregates are prepared by smoothening off the surface to be placed in the 

bitumen by cutting along the plane. The procedure followed in the 

experiments is as represented in Figures 2 to 4. 
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Figure 2: Aggregate samples placed in bitumen. 

 
Figure 3: Pull out test setup. 

 
Figure 4: Aggregate sample before and after testing. 
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2.3.1.2 Pull out Test Carried on Different Aggregates Treated with 
Chemicals 
 

Aggregates are immersed in the corresponding solution in saturated 

conditions for 24 hours, as represented in Figure 5, and the pull-out test is 

carried out. 

 
Figure 5: Aggregate samples saturated in potassium carbonate. 

 

3  Result & discussion 
 

3.1 Properties of Aggregates 
 

River Gravel has maximum resistance against impact load with a value 
of 35%, while Dolerite has the least resistance of about10%. The resistance 

against wear is maximum for river gravel (32%) and Limestone (35%), while 

the least is Dolerite (16%). River Gravel has a maximum specific gravity of 
around 3.0, while Limestone is least of about 2.3. Limestone has produced 

flakiest and elongated aggregates whose indices are 31% and 30%. River 

gravel is rounded shape aggregate with a value of (27% and 9%). Granite 
absorbs maximum water with an absorption value (0.65), and the least 

absorbing aggregate is quartzite(0.24). Limestone possesses maximum 

resistance to crush with an average value of (25%) and the least is 

Dolerite(14%). The bond strength of all aggregates decreased with their 
nature in the order of dry, saturated surface dry, saturated, and 

surfacesmooth. Limestone and Dolomite have the maximum bond strength in 

all four conditions attributed to its basic mineralogicalcomposition. 
Aggregates with crystalline and dry surface provided maximum 

bondstrength. River Gravel and Quartzite exhibited the least value of bond 

strength purely because smooth surface texture and acidic mineralogical 
composition of the aggregate. The aggregate surface, which was made 

smooth, showed very low values than the natural roughsurface. 
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3.2 Pull out Test Carried on Different Conditions of Aggregates 
 

Surface smooth and saturated conditions show lower values in 
comparision dry and chemically treated conditions. Limestone has greater 

bond strength value at dry condition compared to othr conditions. Table 3 

represents the pull out test results.  
Table 3: Pull out test results of aggregate at conditions. 

Aggregate 

Type 

Bond strength value in N/mm
2
 for Pull out test carried on: 

Dry 

aggregate 

Saturated 

aggregate 

Saturated surface 

dry aggregate 

Surface smooth 

aggregate 

Limestone 0.191 0.082 0.110 0.067 

Dolomite 0.159 0.088 0.099 0.056 

Granite 0.044 0.039 0.037 0.040 

Dolerite 0.150 0.089 0.095 0.069 

River 

Gravel 

0.034 0.031 0.040 0.030 

Quartzite 0.09 0.067 0.078 0.057 

 

3.3 Pull out Test on Chemically Treated Aggregates 
 

Basic aggregates, namely Dolomite and Limestone shows similar 
graphical variations while River Gravel and Dolerite being acidic exhibited 

the similar in all treated conditions. The accumulation of carbonate 

chemicals, namely sodium carbonate, magnesium and calcium improved the 
bond strength between aggregate and bitumen while potassium carbonate 

gave the leastvalues. Surface smooth and saturated conditions show lower 

values compared to Dry and chemically treated conditions. Granite and River 

Gravel had better bond strength only on treatment with carbonate chemicals 
while aggregates treated with silicates exhibited lowervalues. The test result 

obtained is as presented in Table 4. 
Table 4: Pull out test results of chemically treated aggregate. 

Aggregate 

type 

Bond strength (N/mm
2
) for Pull out test carried on treated aggregates 

Sodium 

Carbonate 

Calcium 

Carbonate 

Potassium 

Carbonate 

Magnesium 

Carbonate 

Sodium 

Silicate 

Limestone 0.088 0.183 0.049 0.180 0.088 

Dolomite 0.126 0.194 0.044 0.109 0.126 

Granite 0.130 0.096 0.030 0.059 0.130 

Dolerite 0.082 0.110 0.014 0.090 0.082 

River 

Gravel 0.057 0.127 0.024 0.081 0.057 

Quartzite 0.057 0.078 0.020 0.061 0.057 
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3.4 Bond Strength of Aggregates under Varying Conditions 
 

Based on pull ot test results it is observed that, Limestone aggregate at 
dry condition gave more value of bond strength when compared with other 

aggregates. The test result obtained is graphically higlighted in Figure 6. 

 
Figure 6: Bond strength of aggregates under various conditions. 

 

4 Conclusion 
  

In this experimental research, an approach was proven to improve the 

bond strength among aggregate and bitumen, thereby reducing stripping. The 

results indicate that the surface chemistry and aggregate mineralogy have a 
vital role to play in the adhesion of asphalt, a closely related stripping 

phenomenon. Bitumen better adheres to the basic aggregates than to acidic 

aggregates. Limestone, a basic aggregate, has a better bonding than acidic 

aggregates such as river gravel. The bond strength of all aggregates 
decreased with their nature in the order of dry, saturated surface dry, 

saturated, and surface smooth. The texture of the aggregate has an essential 

influence on its bond strength; smooth surface reduced the bond strength 
drastically. Porosity has a more significant impact on the adhesion and 

stripping phenomena. Lower the pore size lesser the adhesion. The oil 

present in the bitumen penetrates and gets absorbed in the aggregate's pores, 
while the asphaltenes that remain on the surface of the aggregate get harder 

over time. The bond strength between aggregate and bitumen is mainly 

affected by absorption. Aggregate with more water absorption increased 

stripping intensity. Introducing chemicals for the improvement of bond 
strength is a new concept; however, as expected, carbonate chemicals on 

reaction with aggregates exhibited better bond strength. 
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