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Abstract

The purpose of this research is to evaluate the bond strength between various combinations of bituminous layers in a
laboratory setting. The bond between these layers is critical for the overall performance of pavement under traffic
stresses. Bituminous tack coatings are widely used to improve interlayer adherence. This study examines two layer
combinations: bituminous concrete (BC) on dense bituminous macadam (DBM) and semi-dense bituminous concrete
(SDBC) on BM. A variety of tack coat materials are employed, including bitumen, Cationic Rapid Setting with low
viscosity (CRS-1), and Cationic Medium Setting with high viscosity (CMS-2) emulsions.

Bond strength is tested on cylindrical specimens at typical service temperatures (25°C, 30°C, 35°C, and 40°C) and
various tack coat application rates. The testing procedure follows the standard Marshall Procedure, where the tack coat
is applied, and the top layer is suitably covered in the same mould. The bond strength between layers is then evaluated
using a specially designed attachment known as the "bond strength device," which is connected to the loading frame of
the Modified Marshall Testing Apparatus.

The results indicate that interlayer bond strength is influenced by test temperature, with a reduction observed as
temperature increases. The type of tack coat and the specific layer combination also affect binding strength. The
required amount of tack coat varies depending on the tack coat type and layer combination.

Overall, this study provides insights into improving the bond between bituminous layers in pavements, thereby
enhancing their performance and durability under traffic-induced stresses.

Keywords: Interlayer bond strength, Tack coat, Bituminous layer combination, Bond strength device.

1. Introduction
1.1 General

Highways are essential for a country's growth and development. Both developed and developing countries continuously
work on sustaining, building, and improving road infrastructures to handle increased traffic. One common method is to
strengthen existing pavements by overlaying them with additional material. Flexible pavements are designed in multiple
layers to distribute stress effectively under heavy traffic loads. Their viscous nature allows these layers to sustain
significant plastic deformation, but repeated heavy loading often leads to distress and failure. Good bonding between the
layers is crucial for the pavement to function as a single structure. Poor adhesion can weaken the pavement and cause
premature failures. To enhance bonding, bituminous tack coats are applied before overlaying. These emulsions are
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commonly used, but opinions on their effectiveness vary among engineers. The tack coat, made of a thin bitumen layer,
ensures adherence between layers. However, the quantity of bituminous emulsions must be precise; too much or too
little can result in poor interface bonding.

1.4 Objectives
Based on the discussion above, the objectives of the present study are:

» Development of Testing Equipment: Fabricate a simple testing arrangement compatible with a
conventional Modified Marshall test apparatus to directly measure the interlayer bond strength between two
pavement layers.

» Experimental Evaluation: Conduct experiments using the fabricated device to assess various material
combinations.

» Sample Preparation: Prepare samples under varying conditions, including temperature, percentage of
emulsions, absence of tack coat, use of bitumen as a tack coat, and different setting times.
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Figure 3.1 Methodology of the Experimental Work
4. Results and Discussions

4.1 Introduction

The experimental test was conducted for observing the interface bond strength between two types of bituminous paving
layers carried out in the cylindrical laboratory prepared specimens having 100 mm diameter and 100 mm total height
which was tested on a fabricated attachment fitted to the Marshall Loading frame. The results were obtained at four
different test temperature 25° 30°, 35°, and 40°C with two type tack coat CMS-2 and CRS-1 varying with different
application rate. Also the bond strength was evaluated by using bitumen as a tack coat with various application rates and
without using any tack coat. The CMS-2 type emulsion was observed considering three setting time 6, 9 and 12 hours and
in CRS-1 type 0.5, 1 and 1.5 hours. The curing time for bitumen used in place of tack coat, before applying the overlay
taken as no curing time, half an hour and one hour. In the study shear strength was evaluated at the interface between
bituminous macadam (BM) and semi dense bituminous concrete (SDBM) type flexible paving layers considered with
CMS-2 and CRS-1 bitumen emulsions.

4.2 Laboratory Test Results

The test results of bond strength with various application rates in case of CRS-I type tack coat cured at different setting
times are presented in the following paragraphs.
In Table 4.1 present the average interlayer bond strength when setting time is 0.5 hours. The highest bond strength values
are observed at application rate of 0.25 Kg/m? at all test temperatures for CRS-1 type of tack coat.

Table 4.1 ILBS of CRS-1 Type Tack Coat (Considering 0.5 Hour Setting Time)

Type of Tack | Application Average ILBS at Different Test Temperature (kPa)
Coat Rate (Kg/m?) 25°C 30°C 35°C 40°C
0.2 691.37 530.09 411.26 286.90
CRS-1 0.25 716.83 635.35 460.49 323.83
03 609.88 511.42 33231 249.55

4.2 Overall Performance of Inter Layer Bond Strength

4.3.1 ILBS Comparisons between Two Types of Tack Coat, Bitumen as Tack Coat and With No Tack Coat at Different
Test Temperature for the Interface of DBM and BC Type of Combination.
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Figure 4.29 Comparisons of ILBS at Different Test Temperature Made

From the figure 4.29, the maximum bond strength was found at 25°C among all others three cases considered as bonding
materials for DBM and BC type of combination of the bituminous paving layer. When the bituminous concrete (BC)
considered as upper layer placed immediately over the freshly compacted dense bitumen macadam (DBM) layer was
given maximum interlayer bond strength as compared to all others. The interlayer strength decreased when the test
temperatures, rate of applications and time interval between successive laying increased.

4.3.2 ILBS Comparisons between Two Types of Tack Coat at Different Test Temperature forInterface of BM and
SDBC Type of Combination.
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Figure 4.30 Comparisons of ILBS at Different Test Temperature Made

From the figure 4.30, the maximum mean interlayer bond strength was found at 25°C among all other three test
temperatures considered for the BM and SDBC type of combination for the bituminous paving layer. In all cases the
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CRS-1 type emulsion results more as compared to CMS-2 type of tack coat. The interlayer strength decreased when
the test temperatures, rate of applications and durations of compaction increased.

5. Conclusions and Future Scope

This study evaluated the interlayer bond strength of different tack coats using laboratory-prepared samples for
DBM/BC and BM/SDBC layer combinations. A special device was designed and fabricated to fit the Modified
Marshall Test apparatus for this purpose. Specimens were tested at four common temperatures: 25°C, 30°C, 35°C, and
40°C. Each specimen consisted of two bituminous layers bonded with either emulsion or bitumen, with the upper and
lower layer combinations being DBM or BC and BM and SDBC, respectively. Various application rates and setting
times were tested to identify the optimal conditions for bond strength. The following conclusions were drawn from the
test results:

» Fabrication of Testing Device: Successfully designed and fabricated a device to measure interlayer bond
strength.

» Temperature Variation: Tested specimens at four different temperatures relevant to the region.

» Layer Combinations: Evaluated bond strength for different layer combinations of DBM, BC, BM, and
SDBC.

» Application Rates and Setting Times: Explored various emulsion application rates and setting times to
determine optimal conditions.

5.2 Future Scope of Works

> Finite Element Analysis: Analyze bond strength using the finite element method and compare with
laboratory results.

Loading Combinations: Experiment with various loading combinations using the fabricated device.
Comparison with Literature: Compare experimental results with existing literature and previous experiments.
» Field vs. Laboratory Samples: Test field core samples and compare their bond strength with laboratory-
prepared samples.
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