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Abstract: Interlayer bonding in modern multi-layer pavement systems plays a key role in
achieving long-term performance of flexible pavements. Poor bonding between bituminous pavement
layers has been observed to contribute to major pavement failures such as premature fatigue, top-
down cracks, potholes and surface spalling. One of the most common stresses due to poor bonding
between bituminous layers is slip failure, which typically occurs when a heavy vehicle accelerates,
decelerates, or turns frequently. An adhesive layer is sprayed between the bitumen road layers to
improve the adhesion between the layers. A bond coat is the application of a bitumen emulsion or
bitumen binder between an existing bitumen/concrete surface and a newly constructed bitumen
overlay. Hot bitumen binder, cut bitumen, or bitumen emulsion are commonly used as adhesives. The
purpose of this study is to evaluate the adhesive strength at the interface between pavement layers by
conducting laboratory tests. To achieve this goal, we used it on a Marshall load frame to evaluate
the performance of a bond coat applied to the interface between layers of bituminous concrete (BC)
and dense bituminous macadam (DBM) in the laboratory. Three specific attachments are
manufactured for In this study, 100 mm and 150 mm diameter samples were applied from 0.20 kg/m2
to 0.25 kg using two commonly used emulsions, CMS-2 and CRS-1, as bond coats. Results were
obtained for samples prepared in volume. /m2 and 0.30 kg/m2 are produced at a temperature of 250
°C.
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INTRODUCTION

For appropriate stress distribution between pavement layers under significant traffic loads, modern
flexible pavement is typically designed and built in multiple layers. The multi-layered pavement
system's interlayer bonding is crucial to the pavement's long-term performance. In order for several
layers to function as a monolithic structure, enough bonding between the layers must be achieved. A
tack coat is typically sprayed in between the layers of bituminous pavement to achieve strong
binding strength. Because the applied stresses are spread equally across the pavement system, there
is less chance of structural damage to the pavements.

2. BACKGROUND ON TACK COAT

A bond coat is the application of a bitumen emulsion or bitumen binder between an existing
bitumen/concrete surface and a newly constructed bitumen overlay. Bond coats are also called bond
coats because they are used to bond one paving layer to another. The bond coat acts as an adhesive
or glue, so the combined paving layers act as a monolithic structure rather than individual sections. A
bond coat is typically an emulsion consisting of bituminous binder particles dispersed in water with
an emulsifier. Bitumen particles are suspended in water by emulsifiers, so the consistency of bitumen
decreases from semi-solid to liquid at ambient temperature. This liquefied bitumen tends to spread at
ambient temperatures. When this liquid bitumen is applied to a clean surface, the water evaporates
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from the emulsion, leaving a thin layer of bitumen residue on the road surface. If a bituminous binder
is used as a tack coat, it must be heated for application (Rahman, 2010). Usually hot bitumen binder,
cut bitumen or bitumen emulsion is used as glue.
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Figure 1: Composition of Bituminous Emulsion (Roberts et al., 1996)
3. RESEARCH OBJECTIVE

The main goal of this study is to create a few straightforward testing apparatuses for assessing the
bond strength provided by the tack coats at the interface between bituminous pavement layers on a
laboratory scale by carrying out a number of laboratory tests with various tack coat application rates.
The conventional arrangement that yields reliable results on par with others will be the best design.
The provision of useful information for the optimal type of tack coat material selection and ideal
application rate is a secondary objective of this study.

4. LITERATURE REVIEW

Many investigations into the adhesive characteristics of the interface between layers have been
conducted. For the analysis of the interface bond strength, these investigations often created a special
test method or instrument. Shear force is mostly to blame for interface bond failure, according to
literature on bond strength.

The following tests, among others, have been employed by various organizations and researchers to
gauge the binding strength of the pavement interface:

> Layer-Parallel Direct Shear (LPDS);

» Ancona Shear Testing Research and Analysis (ASTRA);

» Superpave Shear Tester (SST), which has been recently modified by the Louisiana
Transportation Research Center by building a shear mold assembly;

» Leutner test, originally developed in Germany;

» FDOT Shear Tester;

» LCB shear test;

» Modified Marshall Test developed by the Pennsylvania Department of Transportation;

» NCAT bond strength device developed by National Center for Asphalt Technology.

The Swiss Federal Laboratories for Material Testing and Research developed a shear testing device
known as the Layer-Parallel Direct Shear (LPDS). This is a modified version of the device
developed by his Leutner (1979) in Germany. A modified LPDS test, as reported by Raab and Partl
(2002), is used to test 150 mm diameter cylindrical specimens using the Marshall test. The bottom
layer of the two-layer sample is placed on a U-bearing and the top layer is yoked at a temperature of
200°C with a constant travel speed of 50.8 mm/min.
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Mohammed et al. (2002) evaluated the effects of tack coat type, application rate, and test
temperature on interfacial shear strength using the Superpave Shear Tester (SST). The shearing
device has her two chambers to hold the sample during testing and is mounted within the SST.

Sanjorgi et al. (2002) developed a shear test device called the Leutner test. This test equipment is
standard in Austria and has also been adopted in the UK. A 150 mm He applies a normal shear load
to a two-layer cylindrical specimen at 200 °C with a constant strain rate of 50 mm/min until failure.
This study was examined to assess the bonding state between the surface and binder course
materials, and between the binder and base course materials. Three different interfacial treatments
were considered to simulate real conditions.

1) with bond coat emulsion,
2) smeared with dirt without bond coat emulsion,
3) With bond coat emulsion and thin film of dirt.

The results showed that the best adhesion was obtained with the interfacial treatment done using the
emulsified adhesive coating, whereas the worst adhesion conditions were observed on the soiled
surface without emulsion. As mentioned in the previous paragraph, different organizations and
different researchers have developed and studied different devices to determine the bonding strength
of interlayers in bitumen pavement. Some were using complex equipment, but using simpler
equipment by doing a simpler setup and using the same with your existing Marshall Stability
Apparatus saves time and money | decided to.

5. BASE MATERIALS

5.1. Basic materials

The basic materials which compose concrete are:
1. Aggregate (Coarse & Fine)

2. Portland slag Cement

3. Binder

4. Tack coat Materials

5. Admixture

5.2. Fabrication of laboratory test procedure to measure the interface bond strength

For the purpose of testing the shear strength offered by tack coat at the bonded interface, the
following three models were fabricated:

» Model no. 1, for testing 100 mm diameter laboratory specimens based on the concept of the
Layer-Parallel Direct Shear (LPDS) developed by the Swiss Federal Laboratories for Material
Testing and Research.

» Model no. 2, for testing 150 mm diameter laboratory specimens based on the concept of the
Layer-Parallel Direct Shear (LPDS) developed by the Swiss Federal Laboratories for Material
Testing and Research.

» Model no. 3, for testing 150 mm diameter laboratory specimens based on the concept of the
FDOT shear tester developed by the Florida Department of Transportation (FDOT).

6. CONCLUSIONS

A laboratory study was conducted to evaluate the bond strength between layers of bituminous
concrete (BC) and dense bituminous macadum (DBM), and a bond coat was sprayed on the
interface. For this purpose, three simple shear test models were created and experiments were
performed using them in the Marshall Stability Apparatus. In shear test model #1, laboratory tests
were performed on cylindrical specimens with a diameter of 100 mm at a temperature of 250°C by
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applying a shear force at a constant strain rate of 50.8 mm/min. . Shear test models No. 2 and No. 3
were created to evaluate the bond strength of cylindrical specimens with a diameter of 150 mm.
Samples were prepared in the laboratory by applying CMS-2 and CRS-1 as bond coats to the
interface at different application rates of 0.20 kg/m2, 0.25 kg/m2, and 0.30 kg/m2. Below are certain
observations drawn from the test results.

» Test results concluded that an application rate of 0.25 kg/m2 was optimal for all adhesive
coatings.

> In general, as a bond coat, CRS-1 provided the best shear strength at all laydowns of 0.20 kg/m2,
0.25 kg/m2 and 0.30 kg/m2 compared to CMS-2.

» Shear strength value from shear test model number. 3 was higher than the values obtained from
models #1 and #2 for all types of bond coats at all application rates. This may be due to
eccentricity as shear loads were applied close to the interface. The shear strength values obtained
were lower than those of model #3 where concentric shear loads were applied.

» Looking at all models together, the average shear strength values are

> 0.20 kg/m2, 0.25 kg/m2, or 0.30 kg/m2 when using CRS-1 as a bond coat at coating weights of
0.20 kg/m2, 0.25 kg/m2, and 0.30 kg/m2 The average shear strength values were 494.740,
618.424 and 592.921 kPa, respectively.
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