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Abstract

Interface bonding condition between asphalt courses plays a critical role in the
pavement performance. One of the most common distresses is slippage failure, which
usually occurs where heavy vehicles are often accelerating, decelerating, or turning.
Other pavement problems that have been linked to poor bonding between pavement
layers include premature fatigue, top down cracking, pothole, and surface layer
delamination, which reduces the serviceability and performance of a pavement. There
are many factors affecting the interface bonding condition, including 1) improperly
cleaned interface; 2) cold temperature during placement; 3) insufficient curing, and 4)

improper selection and application rate of material.

Since an asphalt pavement has multi-layered structure system, the interfaces between
layers are essential to the pavement performance. An interface between a surface
course and an intermediate course is more emphasized since critical temperature and
stress conditions for asphalt top-down cracking, rutting, and shearing are present near

the pavement surface.



Many test methods have been developed to evaluate the interface condition in the lab
and the field.There is, however, no standard test method for the evaluation. In addition,
available test methods has limitation including:

1) indirect measurement, 2) limited application to the field, 3) limited measurement
range, 4) acquisition of undisturbed-interface sample from coring process, and 5) lack of

practicality for QC/QA.

Correlation of the interface bonding to pavement performances is essential in a

performance based specification for a tack coat practice. A tack coat is inexpensive, but

it’s influence on pavement performance is significant.
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Chapter 1

Introduction

1.1What is pavement striping

Moisture damage in asphalt pavement has been documented for long time. Stripping is
considered as the moisture sensitivity for hot mixed asphalt pavement, which is major
cause of deterioration in asphalt pavement. Stripping could be demonstrated by several
other kind of distresses such as fatigue cracking, premature rutting, and raveling.
Stripping is a substantial distress in asphalt pavement which is basically separation or
loss of bond between asphalt binder and aggregate due the effect of moisture or
moisture vapor. High moisture content in the asphalt pavement is major a cause of

stripping distress



Figure: Effect of stripping distress on HMA pavement layer.

1.2 Objective of our work

Knowing the tensile and shear strength, we can
-Estimate stripping potential of asphalt layers
-Fracture and deformation properties of asphalt layers

-Provide constitutive information for modelling



Chapter 2

Analysis Of Shear-Stress in Asphalt Pavement

2.1 Measurement Of Tire-Pavement Contact Pressure:

In order to measure the tire-pavement contact pressure distribution under realistic
condition, a static laboratory test device was developed .In this device, a series of
instrumented pins are embedded in the asphalt concrete specimen to measure the
stress induced by the tire. The tire load is applied using servo-hydraulic actuators. All
measurements are automatically recorded using a data logger. Though this method may
seem simple and may result in slight inaccuracy as compared with an actual pavement,
the results are undoubtedly much more reliable than when uniform contact pressure is

assumed.

The tire used for testing was new longitudinally pattern truck tire. In the subsequent
analysis, the tire loading area had to be simplified to build a more efficient three-

dimensional finite element model.
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2.2 Effect Of Horizontal stress

In this section, vertical load is only considered. The maximum shear stress occurs
directly under the tire edge irrespective of loading conditions. Figure 4 shows that, in all
cases, shear stress under the tire edge increases initially with depth, reaching the
maximum value at a depth approximately 60 mm after which it decreases from the peak
value. It seems that loading conditions have little effect on the location of the shear
stress maximum. However, both tire load and tire pressure make a significant
contributions to the magnitude of shear stress. Relatively, overloading is more

dangerous than overpressure

2.3 Effect of Asphalt Mixture Layer Thickness
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Figure : Shear stress at different asphalt
mixture layer thickness

For asphalt mixture layers of 100 mm to 300 mm in thickness, the maximum shear stress
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remains almost constant. This is illustrated in Figure, which shows that a thinner asphalt
16 mixture layer does not lead to significantly greater shear stress than a thicker one. In
other words, for a particular asphalt mixture, a thinner layer leads to barely greater risk

of rutting and TDC compared with a thicker one.

2.4 Effect of Interface Condition

In a multi-layered pavement system, the condition of the interfaces between layers
makes an important contribution to pavement performance. Here, the effect of
interface condition on shear stress is evaluated, focusing on the cases of no bonding and

full bonding between the asphalt mixture layer and the base course.
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Chapter 3

Review Of Existing Literature:

Leutner Shear Test applies a vertical shear load to a double layered specimen with a
strain controlled mode at a constant rate of 2.0 in/min at 21.1 °C until failure. The
maximum shear load and corresponding displacement are measured to evaluate the

bonding property of interface (Mohammad, et al., 2012).

ngure: Leutner Shear Test (Mohammad, et al., 2012)

Louisiana Transportation Research Center (LTRC) Direct Shear Test applies a horizontal
shear load to a dual layered specimen of asphalt concrete with a stress control mode at a

constant rate of 50 Ib/min at a given temperature until failure (i.e., separation). The
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testing temperature can be selected ranging from -20 to 80 °C using a climate chamber.
The shear strength of the tack coat interlayer of specimen is measured to evaluate the
bonding strength. The bonding strength is then used for determining the

appropriateness of the material for the tact coat application (Mohammad, et al., 2012).

Figure : LTRC Direct Sh(;ar Test (Mohammad, et al., 2012)
Texas A&M Transportation Institute (TTI) Torsional Shear Test applies a twisting
moment with constant rate of 2.9 E -04 radian/sec along with a normal load on the top
of a double layered specimen until failure. The quality of tack coat in terms of the shear
resistance of the tack coat interlayer is evaluated by measuring plastic shear strength in

torsion (Mohammad, et al., 2012).

Florida Direct Shear Test, developed by Florida DOT, applies a vertical shear load to a
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dual layered specimen with strain control mode at a constant rate of 2.0 in./min at 25 °C
until failure. Field cores can also be used for the testing. The performance of tack coat is

evaluated by measuring the interlayer bonding strength (Mohammad, et al., 2012).

Figure : Florida Direct Shear Test (Mohammad, et al., 2012)

Ancona shear testing research and analysis (ASTRA) Shear Test applies a horizontal load
along the interface of a dual layered sample at a constant rate until failure. A constant
normal load is also applied on top of the sample during the testing. The maximum
interface shear stress is measured (Mohammad, et al., 2012).

Layer-parallel direct shear (LPDS) applies a vertical load to a composite specimen with
strain control mode. Both laboratory-fabricated and field core samples can be used for
the testing. Nominal average shear stress and the maximum shear stiffness are

measured(Mohammad, et al., 2012

15



Vertical
h (LvDT)

Displacement

Vertical Load

(Weigh System)

i Shear Box Frame

layer Shear Zone

Climatic Chamber

1P e
4

Motor

.
Specimen
upper layer ; ﬁ
Specimen _U
lower layer

OO000000000C 00000000 Horizontal D

Horizontal Force
(Load Cell)

e

X (LVDT)

splacement

Figure: ASTRA test device (Canesrari, et al., 2005)
Switzerland pull-off test applies a tensile load to dual layered asphalt concrete specimen

at a constant rate. It should be noted that the specimen is required to be glued together

and the test should be conducted in accordance to German testing specification ZTV-SIB

90. The device measures tensile strength of interface (Raab & Partl, 2004).
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Figure: Pull-off test device (Raab & Partl, 2004)
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The indirect tensile stress test has been widely used to determine the tensile strength

and fatigue resistance of asphalt layers. (Dylan Berkley, Surface Tech, 2019)

Figure: Indirect Tensile Stress test (Dylan Berkley,
Surface Tech, 2019)
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Chapter 4

Methodology

1. At first a device is made by which application of tensile force and shear force is

possible can be done in bitumen samples.

2. This device is designed to be attached with the UTM machine.

3. Aload cell is galvanized on top the grip bar of the device to measure the amount
of load it can carry. The facility of UTM machine can’t be used in calculating the

load because of the sensitive nature of sample.

4. Preparation of bitumen is done to get the bitumen sample in a size of 1 cubic inch.

5. The values of load and deformation are noted from the arduino and UTM

machine respectively.

6. Process is repeated to obtain values of other samples. And the values are

then averaged.

7. From the average value the final graph is drawn.

18
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Figure: Setup for applying shear

From first figure-we can see, a 1 inch*1 inch double layered specimen is kept in our

hand-made device. Then we attach this device in UTM machine. Then tensile stress is

applied in the sample through the machine. The applied load is very sensitive. That’s

why we have to use an external software named ARDUINO. This software help to get

the sensitive load.

In second figure, Shear stress is applied in the sample through UTM machine. Then

shear stress is applied in the sample through the machine. The applied load is very

sensitive. That’s why we have to use an external software named ARDUINO.
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Figures: Tensile and Shear stress is applying in our sample through UTM.
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Chapter 5

Result and Discussion

1. The shear stress is obtained by the help of the load data shown by the arduino
software.

2. And the deformation is found in the display of UTM machine by which the strain is
obtained.

3. With the value of shear stress and strain a stress-strain curve is drawn.
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Figure : Load in different bitumen samples.

Figure: Load in different bitumen samples.
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Figure: Load in different bitumen samples.
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Figure: Strain versus Stress of load

24



4. The values of the graphs are taken as an average values given by different samples
5. In the graph we can see the elastic behaviour of the bitumen sample.

6. The loads are obtained in ounces which are then converted into stress

with a unit of Psi.

7. The results don’t show much fluctuation from the property of bitumen.
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Chapter 6

Summary and Conclusion

Interface bonding condition between asphalt courses plays a critical role in the
pavement performance. One of the most common distresses is slippage failure, which
usually occurs where heavy vehicles are often accelerating, decelerating, or turning
other pavement problems that have been linked to poor bonding between pavement
layers include premature fatigue, top down cracking, pothole, and surface layer
delamination, which reduces the serviceability and performance of a pavement. There
are many factors affecting the interface bonding condition, including 1) improperly
cleaned interface; 2)cold temperature; 3) insufficient curing, and 4) improper selection

or/and application rate of material (i.e., tack coat).

Many test methods have been developed to evaluate the interface condition in the lab
and the field. There is, however, no standard test method for the evaluation. In
addition, available test methods has limitation including: 1) indirect measurement
2)limited application to the field 3) limited measurement range 4) acquisition of

undisturbed-interface sample from coring process.
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Different types of available test methods were explored for their ability to measure
weak bonding condition, including nondestructive evaluation (NDE), and laboratory and

in-situ measurements.

For in-situ tests, available test methods can be categorized by test modes, namely
torque, shear, and tension. Limitations in application of each test methods for

evaluation of interface bonding condition are illustrated in the following:

e Shear test (e.g., In-situ Shear Stiffness Test from Carleton University, Canada)
measures the shear strength of asphalt pavement in the field; however, the shear force
is not applied to the interface instead applied to the surface of pavements. Thus, the

test results do not necessarily reflect the interface bonding condition of the pavements.

e Tension test (e.g., UTEP Simple Pull-off Test) determines bonding strength as a
tensile force is directly applied to the surface of tack coated pavement or surface. For
evaluation of in-situ pavement interface bonding condition, the tension test is not
appropriate test methods due to its limited measurement capacity as it is designed to

test tack coat material performance.
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Besides, this device can be used to measure the tensile strength and shear
strength of bitumen with the help of UTM machine available in IUT.
Modifying this device can give the opportunity to analyze bitumen with

different specimen sizes.

This properties are measured for creating safer roads with higher tensile and shear

resistance.

Future scope of our work

1. This device can be used to measure the tensile strength and shear strength of

bitumen with the help of UTM machine available in IUT.

2. Modifying this device can give the opportunity to analyze bitumen with different

specimen sizes.

3. This properties are measured for creating safer roads with higher tensile and shear

resistance.
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