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ABSTRACT: 

Flexible pavements are carrying loads with flexural action. Generally pavements are made with different 

layers of soils the loads on the surface are transfers uniformly to the sub surfaces. Track Coat is small thickness of 

layer. It is thin layer of bitumen and emulsion laid on road enhance the bond, absence of track coat between the 

layers develops the poor bonding layers results slippage failure fallowed by longitudinal wheel path cracking, top-

down cracking, alligator cracking potholes and other distresses. Over coating of track will cause shear cracks in hot 

mix. To enhance the bonding a primary coat is sprayed application of cut back or emulsion asphalt applied to the 

untreated subgrade layers. Generally track coat material used as, hot bituminous binders, cutback bitumen or 

bituminous emulsions. Primary coat seal and bond surfaces and make a good base for the next layer of surface. 

In Present study is aimed to evaluate the bond strength at the interface between pavement layers by 

performing laboratory tests. Marshall Loading Frame for finding the performance of tack coat laid at the interface 

between Bituminous Concrete (BC) and Dense Bituminous Macadam (DBM) layers in the laboratory. Specimens 

prepared for this study with 100 mm and 150 mm diameter, by using two types of normally used emulsions, namely 

CMS-2 and CRS-1 as tack coat at application rates varying at 0.15 kg/m2, 0.30 kg/m2 and 0.40 kg/m2 made at 270C 

temperature are presented. 

Keywords: Marshall Test, Bonding Layers, Laboratory tests. 

 

1. INTRODUCTION 

1.1 GENERAL: 

There are two types of pavements based on design 

considerations i.e. flexible pavement and rigid 

pavement. Difference between flexible and rigid 

pavements is based on the manner in which the loads 

are distributed to the subgrade. 

Before we differentiate between flexible pavements 

and rigid pavements, it is better to first know about 

them. Details of these two are presented below 

1.2 FLEXIBEL PAVEMENTS: 

Flexible pavement can be defined as the one 

consisting of a mixture of asphaltic or bituminous 

material and aggregates placed on a bed of 

compacted granular material of appropriate quality in 

layers over the subgrade. Water bound macadam 

roads and stabilized soil roads with or without 

asphaltic toppings are examples of flexible 

pavements. 

The design of flexible pavement is based on the 

principle that for a load of any magnitude, the 

intensity of a load diminishes as the load is 

transmitted downwards from the surface by virtue of 

spreading over an increasingly larger area, by 

carrying it deep enough into the ground through 

successive layers of granular material 

 

Fig-1 Flexible Pavement 

Thus for flexible pavement, there can be 

grading in the quality of materials used, the materials 

with high degree of strength is used at or near the 

surface. Thus the strength of subgrade primarily 

influences the thickness of the flexible pavement. 
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1.3 RIGID PAVEMENTS: 

A rigid pavement is constructed from 

cement concrete or reinforced concrete slabs. 

Grouted concrete roads are in the category of semi-

rigid pavements. 

The design of rigid pavement is based on 

providing a structural cement concrete slab of 

sufficient strength to resists the loads from traffic. 

The rigid pavement has rigidity and high modulus of 

elasticity to distribute the load over a relatively wide 

area of soil. 

 

Fig-2: Rigid Pavement Cross-Section 

Minor variations in subgrade strength have 

little influence on the structural capacity of a rigid 

pavement. In the design of a rigid pavement, the 

flexural strength of concrete is the major factor and 

not the strength of subgrade. Due to this property of 

pavement, when the subgrade deflects beneath the 

rigid pavement, the concrete slab is able to bridge 

over the localized failures and areas of inadequate 

support from subgrade because of slab action. 

1.4OBJECTIVE: 

The main objective of this study is to 

fabricate a few simple testing devices for the 

evaluation of the bond strength offered by the tack 

coats at the interface between bituminous pavement 

layers in the laboratory scale by performing 

laboratory tests with different tack coat application 

rates. 

• The ideal design will be that the standard setup 

which produces consistent results comparable to 

others. 

• A secondary goal of this study is to provide 

helpful information for the selection of the best 

type of tack coat materials and optimum 

application rate. 

1.5SCOPE: 

• Two type of track coats CMS & CRS was using 

in this project. 

• Finding the shear bond strength between the 

layers by applying the track coats. 

• Varying the percentage of track coats as per 

Morth Standards. 

• Find the optimum dosage of track coat from the 

laboratory tests. 

 

 

2. REVIEW OF LITERATURE 

In 1999, the International Bitumen Emulsion 

Federation conducted a world-wide survey of the use 

of tack coats (a.k.a. bond coats). The survey 

requested information on the type of tack materials 

used, application rates, curing time, test methods, 

inspection methods, and construction methods. 

Responses were received from Spain, France, Italy, 

Japan, the Netherlands, the United Kingdom, and the 

United States. Roffe and Chaignon reported a 

summary of the survey (3). Cationic emulsions are 

the most common bond coat material, with some use 

of anionic emulsions. The U.S. also reported the use 

of paving grade asphalt cements as a tack coat. 

Application rates generally ranged from 0.026 to 

0.088 gal/sy (0.12 to 0.40 kg/m2 ) based on residual 

asphalt. In many countries, thin surfacing layers are 

placed concurrently with the tack using paver-

mounted spray bars. Only Austria and Switzerland 

have bond strength test methods and specification 

criteria. Around the world, a number of studies have 

been conducted recently and others are underway to 

evaluate pavement layer bonding. 

A.C.Raposeiras (2013) The durability and 

maintenance of pavements depend on several factors. 

One of the most influential is the bond between 

layers. This bond is responsible for ensuring all 

layers behave as a single entity, reducing cracks and 

deformation of the pavement. Several methods, 

developed by different authors over the past 30 years, 

to measure bonding between layers are analyzed in 

this paper. Different research lines are discussed, 

concluding that the most influential variables are: 

tack coat type, dosage, mixture type, surface 

characteristics, temperature, and emulsion breaking 
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time. In order to reach the highest bond strength 

values, the following factors should be considered: 

high values of surface macro-texture, low 

temperatures, the use of heat-adhesive emulsion, a 

dosage from 300 to 450 g/m2 of residual bitumen and 

the compaction after emulsion break. Moreover, a 

non-destructive test method to assess tack coat 

dosage on site is proposed. 

ChristianeRaab (2009) with bond testing of 

asphalt layers becoming a more important topic as 

well as in research as in every day pavement 

construction, the question of long term behaviour of 

bonding properties has come up. In recent research it 

has been shown that the bonding properties between 

surface and binder courses seem to improve with 

time considering that the surface course does not 

show distress phenomena and that the traffic volume 

does not exceed the traffic considered for pavement 

design. That bond failure is not only a question of the 

top layers is a well-known fact; therefore the long 

term properties of the lower layers are also of 

interest. The paper focuses on the effect of long term 

behaviour of bonding properties of the lower 

pavement layers (binder or base and subbase courses) 

presenting the results of an extensive Swiss study. 

The study compares the bonding properties 

determined with the layer parallel shear test (LPDS) 

according to Leutner of high volume roads after a 9–

13 years period. It was found that for rehabilitations 

or old constructions an improvement cannot be 

expected and especially in case of old constructions 

seems to depend on their service life. For the bond 

between lower layers decreases of shear force values 

down to 50% are possible. 

M.Diakhaté (2011) This paper focuses on 

investigating the bonding fatigue performance 

between two asphalt concrete (AC) layers. For 

purposes of this experimental campaign, a 

customised double shear testing device was designed. 

Two interface conditions have been analysed herein: 

with and without a tack coat. Moreover, the 

corresponding fatigue behaviour has been analysed at 

two temperatures: 10 °C and 20 °C. As expected, the 

absence of a tack coat leads to a decrease in bonding 

fatigue performance. Since fatigue tests are highly 

time-consuming, a method that allows predicting the 

conventional interface fatigue law from accelerated 

shear fatigue tests has been proposed. Other novel 

findings on interface fatigue behaviour will also be 

discussed. In addition to these fatigue results, an 

interface failure model is proposed to evaluate the 

interface lifetime. Incorporating interface fatigue 

performance into pavement analysis proves to be a 

key parameter in describing in situ pavement 

conditions and assessing pavement durability. 

A.C.Collop (2009) This paper describes the 

laboratory measurement of shear interface properties 

between asphalt layers using the Leutner test. Results 

are presented and compared for both laboratory 

prepared specimens and field cores. The standard 

Leutner test was modified by the introduction of a 5 

mm gap into the shear plane to reduce edge damage 

caused by misalignment of the specimen and 

specimens that incorporate a thin surfacing material 

were extended using a 30 mm thick grooved metal 

cylinder to eliminate dependence of the shear 

strength on surfacing thickness. The laboratory 

produced surfacing/binder course combinations 

incorporating the 20 mm Dense Bitumen Macadam 

(20 DBM) binder course showed the highest average 

shear strengths when nothing was applied at the 

interface and the lowest average shear strengths when 

the tack coat was applied at the interface. The 

average shear strength from field cores was found to 

increase as the class of the road increases for both 

surfacing/binder course interfaces and binder 

course/base interfaces. 

Richard C.Elliott (2011) This paper 

describes the development of a laboratory-based 

automatic torque bond test that is capable of quasi-

static and repeated load interface testing. Results 

from quasi-static testing undertaken using either a 

controlled torque rate or a controlled rotation rate 

showed that the shear strengths and shear reaction 

moduli increased as the temperature decreased. 

Samples with interfaces treated with the cationic 

emulsion were found to display the highest shear 

strengths and those treated with no emulsion were 

found to display the lowest shear strengths. A 

reasonably good correlation was found between 

results from testing performed at 600 N m/min and 

testing performed at 180°/min. The nominal shear 

strength measured from a test performed at 180°/min 

was found to be approximately 1.9 times higher than 

the nominal shear strength measured from a test 

performed at 600 N m/min. The nominal shear 
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reaction modulus from a test performed at 180°/min 

was found to be approximately 1.6 times higher than 

the nominal shear reaction modulus from the test 

performed at 600 N m/min. The effect of material 

compliance above and below the interface on the 

rotation of the interface and shear reaction modulus 

of the interface is likely to be relatively small unless 

the shear stiffness of these materials is very low 

and/or the thickness is large. Results from repeated 

load (fatigue) testing showed a higher fatigue life and 

greater sensitivity to shear stress level at the lower 

temperature. 

N.F.Ghaly (2014) Poor bonding between 

two layers of hot mix asphalt (HMA) is the cause of 

many highway pavement problems. Normally, hot 

asphalt cements, emulsified asphalts or cutback 

asphalts are used as tack coat. The objective of this 

study was to evaluate the practice of using tack coat 

through controlled laboratory simple shear tests and 

determine the optimum application rate. The 

influences of tack coat types, application rates, 

viscosity and temperatures on the interface shear 

strength were examined. Test results indicated that 

latex modified asphalt emulsion has the highest 

interface bond strength. It was also found that 

applying low viscosity tack coat asphalt emulsion at 

two layers is more effective than a tack coat asphalt 

emulsion high viscosity one layer coat. 

J.Cotton (2001) Flexure experiments have 

been performed on steel substrates having a rib of 

methacrylate resin cast as a stiffener on the steel. 

Samples were loaded until resin delaminated from the 

substrate and the load at failure was recorded. An 

analytical solution for a composite beam was used to 

relate the force at failure to interfacial shear stress. 

This resulted in average estimated shear strength of 

490 kPa (71 psi) for a resin/steel interface. The 

accuracy of the analytic solution was examined using 

a three-dimensional finite element analysis (FEA). 

The FEA was also used to examine the assumptions 

of the first approximation analytic solution. The 

analytic solution can be applied more generally, 

considering the mechanical characteristics of both 

constituents, to design experiments that lead to a 

simplified determination of interfacial shear strength. 

AntonioD’Andrea (2012) This research 

analyses the relationship between several 

configurations, failure mechanisms and states of 

stress imposed by testing machines, comparing the 

results of two devices. It focalizes on the evolution of 

numerous tests, performed on identical specimens, 

and reports the correspondent response curves 

obtained with two devices suitably designed to cover 

two kind of devices used in recent years and modified 

to ensure the comparison between the outcomes. The 

observation of a regular trend in the results suggests a 

strict relationship between them and the specimens’ 

features and also warrants the statistic reliability of 

the testing machines. 

Abdulhaq HadiAbedali (2017) The blister 

test was aimed to develop and establish a simple, 

partial and reliable laboratory adhesion test method 

for direct measurement of the adhesive bond strength 

of bitumen and aggregate. Blister test was conducted 

by a device manufactured locally to measured bond 

strength of asphaltic material. Materials that used in 

this work were asphalt and aggregate. The local 

asphalt cement was obtained from Durah refinery, 

south–west of Baghdad .The aggregate used for 

comparison was limestone. This paper presents the 

development of pressure–loaded blister test and 

apparatus to measure the adhesion of asphaltic 

materials. The blister test provides the interfacial 

fracture energy, which is related to the adhesion 

strength. In this test air is injected at the interface 

between the substrate (aggregate disc) and adhesive 

layer (asphalt) to create blister. The air pressure and 

blister height were measured as function of time. By 

using two parameters, the interfacial fracture energy 

is calculated. In this paper was found that the energy 

required to displacement the asphalt binder increased 

with time until failure (adhesion failure) due to loss 

of adhesion between aggregate substrate and asphalt 

binder and also the required energy to failure 

decreased with increased binder thickness. 

The Virginia shear fatigue test (Donovan et 

al., 2000) measures the number of shear loading 

cycles required to cause failure at the interface. The 

fatigue loading approach is believed to simulate the 

movement of vehicles on pavement and thus can 

better determine the optimum application rate of a 

tack coat material. The test evaluates composite 

cylindrical specimens, 3.69 in (93.7 mm) in diameter, 

of HMA compacted on top of concrete cores. This 

test provides the maximum shear stress at each cycle 
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and maximum shear stress against the number of 

cycles to failure. 

3. MATERIAL AND METHODOLOGY 

3.1 Cement: 

Although all materials that go into concrete mix are 

essential, cement is very often the most important 

because it is usually the delicate link in the chain. 

The function of cement is first of all to bind the sand 

and stone together and second to fill up the voids in 

between sand and stone particles to form a compact 

mass. Although it constitutes only about 20 per cent 

of the volume of concrete mix, it is the active portion 

of binding medium and is the only scientifically 

controlled ingredient of concrete. Any variation in its 

quantity affects the compressive strength of the 

concrete mix. In the present investigation, Ordinary 

Portland Cement (OPC) of 43 Grade was used for all 

concrete mixes. 

3.2 Aggregate: 

The aggregate is the matrix or principal 

structure consisting of relatively inert and coarse 

particles. The coarse aggregate is used primarily for 

the purpose of providing bulk to the concrete. The 

most important function of fine aggregates is to assist 

in producing a workable and a uniform concrete mix. 

The fine aggregate also assists the cement paste to 

hold the coarse aggregate particles in suspension. 

This action promotes plasticity in the concrete mix 

and prevents segregation of the paste and coarse 

aggregates during its transportation. The aggregates 

provide about 75 per cent of the body of concrete and 

hence their influence is extremely important. The 

properties of these particles greatly affect the 

performance of concrete. 

3.3Tack Coat: 

The tack coat materials selected for this 

study include two emulsions CMS-2 and CRS-1. 

Standard tests were conducted to determine their 

physical properties as summarized in Table-1. 

Table-1: Physical properties of bitumen binder 

Property  Test Method  Test Result 

Penetration at 25°C  IS : 1203-1978 65.6 

Softening Point 

(R&B), °C 
IS : 1205-1978 45.5 

Viscosity 

(Brookfield) at 

160°C, cP 

ASTM D 4402 190 

3.4 Preparation of Sample: 

The mixes were prepared according to the Marshall 

procedure specified in ASTM D1559. Laboratory 

specimens prepared to determine interface bond 

strength were generally 100 mm and 150 mm in 

diameter and 100 mm in total height. Each specimen 

consisted of two layers with tack coat applied at the 

interface. Test variables included 100 mm and 150 

mm diameter specimen and two conventional 

emulsions namely CMS-2 and CRS-1 as tack coats 

with application rates varying at 0.15 kg/m2, 0.30 

kg/m2 and 0.40 kg/m2. The bottom layer consisted of 

a Dense Bituminous Macadam (DBM) with a VG 30 

binder; the top layer was a Bituminous Concrete 

(BC) with a VG 30 binder. For the preparation of 

bottom layer, first the loose mix was compacted by 

giving 75 blows using Marshall Hammer and then it 

was allowed to cool down at room temperature. 

 

 

Fig-3: Schematic diagrams of the Shear-Testing 

Sample. 1 

Sample-2 

This device could hold cylindrical specimens of 150 

mm diameter and was so fabricated that the bottom 

layer of the double-layered specimen could place on 

a semicircular u-bearing which was fixed on the top 
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base plate and the specimen could hold firmly with 

the help of a semicircular clamping. The upper layer 

of the specimen could move freely with minimum 

friction along the two existing guiding rods of the 

Marshall apparatus. A load of constant deformation 

at a rate of 45-mm/min was applied on a smooth 

horizontal stripe located on the top of the shear sleeve 

adjacent to the interface by means of a yoke, 

allowing the application of a shear force at the 

interface. 

4. RESULTS AND DISCUSSION 

In this chapter we discuss the results of 

interface shear between the bitumen pavement layers. 

The test was conducted on the 100 mm and 150mm 

cylindrical specimen which was prepared in the 

laboratory.  Here we show the results getting from 

the Marshall loading frame for different specimens 

with CMS-2 and CRS-1 tack coat application. 

Compare the results with varying percentage at 0.15, 

0.3, 0.40 kg/m3. 

4.1 Sample-1: 

The test was conducted on 100 mm dia 

cylindrical specimens with CRS-1 and CMS-2 as tack 

coats applied at application rate varying at 0.15 

kg/m2, 0.30 kg/m2 and 0.40 kg/m2 at a temperature 

of 270C. Table 4.1 and figure 4.1 the specimen with 

CRS-1 as tack coat exhibited higher shear strength as 

compared to CMS-2 for all application rates. 

Table-2: Shear Strength Results for 100 mm Dia 

Specimen 

Tack 

Coat 

Rate of 

Application 

(kg/m2) 

Shear 

Strength 

(kPa) 

CMS-2 0.15 405.590 

CMS-2 0.30 535.840 

CMS-2 0.40 520.150 

CRS-1 0.15 420.590 

CRS-1 0.30 578.790 

CRS-1 0.40 550.370 

 

 
Fig-4: Shear Strength v/s Tack Coat application rates 

for 100 mm diameter Specimens. 

From the graph it is observed that the 

specimen with CRS-1 tack coat has more shear 

strength compared to the CMS-2 tack coat. When the 

tack coat application is more the lesser the shear 

strength is observed. So optimum coat was 0.30 

kg/m2. 

4.2 Sample-2: 

The test was conducted on 150 mm dia 

cylindrical specimens with CRS-1 and CMS-2 as tack 

coats applied at application rate varying at 0.15 

kg/m2, 0.30 kg/m2 and 0.40 kg/m2 at a temperature 

of 270C. From Table 4.2 and figure 4.2 the specimen 

with CRS-1 as tack coat exhibited higher shear 

strength as compared to CMS-2 for all application 

rates. 

Table-3: Shear Strength Results for 150 mm Dia 

Specimen 

Tack 

Coat 

Rate of 

Application 

(kg/m2) 

Shear 

Strength 

(kPa) 

CMS-2 0.15 403.290 

CMS-2 0.30 485.770 

CMS-2 0.40 453.084 

CRS-1 0.15 425.290 

CRS-1 0.30 523.410 

CRS-1 0.40 490.102 
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Fig-5: Shear Strength V/S Tack Coat Application 

Rates for 150 Mm Dia Specimens 

From the graph it is observed that the 

specimen with CRS-1 tack coat has more shear 

strength compared to the CMS-2 tack coat. When the 

tack coat application is more the lesser the shear 

strength is observed. So optimum coat was 0.30 

kg/m2. 

4.3 Shear Strngth Results 

The average maximum shear strength was 

observed on specimens with CRS-1 as tack coat at an 

application rate of 0.3 kg/m2 while the specimens 

with CMS-2 at an application rate of 0.15 kg/m2 

showed the average minimum shear strength as 

shown in figure 4.3. Using CMS-2 as tack coat the 

average shear strength values were obtained as 

404.44, 510.81 and 486.62 kPa at application rates of 

0.15 kg/m2, 0.3 kg/m2 and 0.40 kg/m2 respectively. 

Table 4.3: Average Shear Strength Results 

Tack Coat 

Rate of 

Application 

(kg/m2) 

Shear 

Strength 

(kPa) 

CMS-2 0.15 404.44 

CMS-2 0.30 510.81 

CMS-2 0.40 486.62 

CRS-1 0.15 422.94 

CRS-1 0.30 551.10 

CRS-1 0.40 520.24 

 

Figure 4.3: Average Shear Strength V/S Tack Coat 

Application. 

Similarly using CRS-1 as tack coat at 

application rates of 0.15 kg/m2, 0.30 kg/m2 and 0.40 

kg/m2 the average shear strength values obtained 

were 422.94, 551.10 and 520.24 kPa respectively. 

CONCLUSION 

The bond between Bituminous Concrete 

(BC) and Dense Bituminous Macadam (DBM) layers 

were studied through laboratory experiments by 

varying the dosage of tack coast. Two simple shear 

testing models was prepared and experiments were 

conducted using the same in a Marshall Stability 

Apparatus. Sample no.1, laboratory tests were 

conducted on 100 mm diameter cylindrical 

specimens at a temperature of 270 C by applying a 

shear force of constant deformation rate of 45 

mm/min. 

While the shear testing sample no. 2 were 

evaluate the bond strength of 150 mm diameter 

cylindrical specimens. The samples were prepared in 

laboratory by applying CMS-2 and CRS-1 as tack 

coat at interface at application rates varying at 0.15 

kg/m2, 0.30 kg/m2 and 0.40 kg/m2. 

The following are specific observations drawn from 

the test results. 

• The test results concluded the application rate of 

0.3 kg/m2 as the optimum one for all the tack 

coats. 

• Generally, CRS-1 as tack coat provided the 

highest shear strength at all application rates, 
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0.15 kg/m2, 0.30 kg/m2 and 0.40 kg/m2 as 

compared to CMS-2. 

• The shear strength values obtained from shear 

testing sample no. 2 were higher than those 

obtained from sample no.1 for all types of tack 

coat at all application rates. This might be due to 

eccentricity as the shear load was applied near 

the interface therefore; the shear strength values 

obtained were lower than those obtained from 

model no. 3 where a concentric shear load was 

applied. 

• Considering all models together, average shear 

strength values were found to be as 404.44, 

510.81 and 486.62kPa using CMS-2 as tack coat 

at application rates of 0.15 kg/m2, 0.3 kg/m2 and 

0.40 kg/m2 respectively while using CRS-1 as 

tack coat at application rates of 0.15 kg/m2, 0.30 

kg/m2 and 0.40 kg/m2 the average shear strength 

values obtained were 422.94, 551.10 and 

520.2kPa respectively. 
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