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Flexible pavement is a multilayered structure constructed in layers. In order to ensure proper bonding
such that a pavement behaved monolithically, tack coat is often applied. The developed pavement
interface bond strength is therefore paramount in governing the overall performance of pavement
serviceability. The present work reviews the current state of pavement interface bond strength
quantification mechanisms, and the devices developed based on the mechanism. Related accessible
literatures are collected and analyzed to compile the characteristics of each bond testing devices and
evaluated for the capabilities and test performance. The investigation reveals 3 testing mechanisms
incorporating shearing (pushing), tensile (pulling) and torsioning (twisting). However, shearing test seems
to be the most popular device adopted to investigate the bond strength between two interfaces in contact,
utterly due to the simplicity of the test setup. For tensile mechanism, the developed devices are generally
portable and are mostly used to examine the tack coat quality. Finally, the device with torsional
mechanism is not so popular as compared to the aforementioned mechanism. Nonetheless, it is
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developing steadily with the continuous research.
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1.0 INTRODUCTION

Flexible pavement is a pavement structure consists of different
layers of road materials. Being a layered structure, the bond
between these pavement layers is of significant importance in
enhancing the pavement performance and its service life. A
pavement which behaved monolithically will be able to transfer
traffic and environmental stress effectively from the contact
surface to the base layer. Computer analysis using ALIZE
program conducted by Roffe and Chaignon [1] concluded that
pavement life was significantly reduced from 20 years to 7 or 8
years if the bonding capacity is insufficient. Over the years,
pavement distress as a result of insufficient bond strength has
been reported [2, 3]. Studies on interface bond characteristics are
therefore getting more attention among the researchers [4-8].

In order to improve the bonding between the pavement
layers, a thin layer of asphalt material normally refer to as tack
coat is applied. The importance of applying tack coat has proved
to increase the bonding performance between two interfaces. This
is agreed by different researchers [9-13]. Besides, several
specifications and guidelines also outlined the proper application
of tack coat and the range of tack coat application rate in which
the contractors are required to put them into implementation [14-
20]. However, as the interface bond strength is a complex
function of different factors like temperature, mixture types, tack
coat types and application rates, just to name a few, the bonding

of a pavement interface remains a doubt although tack coat have
been applied.

Due to that, different device is developed in the effort to
quantify pavement interface bond strength. Most of the devices
currently available performed the test in a destructive manner
although there existed also devices to perform non-destructive
testing. This paper however, focused on the destructive testing
device only as these devices are much more developed and
popular. The destructive test devices currently available adopted
the mechanism of shearing (pushing), tensile (pulling) and
torsioning (twisting) to perform the testing. All of the test
mechanisms are graphically presented in Figure 1. Some of these
devices, regardless of the testing mechanisms are able to perform
the testing on double-layered asphalt specimen as well as to
investigate the quality of tack coat used in construction. Most of
the shearing devices performed the mechanical testing with
double-layered specimen while the tensile pull-off devices
performed the testing on the tack coats applied to determine the
quality of the materials. The subsequent section will discuss in
detailed on some of the devices used to quantify the bonding
strength between pavement interfaces.

2.0 BOND STRENGTH DEVICE

There exists different mechanism of testing to quantify the degree
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of adhesion between the pavement interfaces. These include direct
shearing test (pushing), direct tensile test (pulling) and torque test
(twisting). All the testing methods provide the information on the
bonding of the pavement interface.

tensile c. torsion

Figure 1 Different mechanism of testing approach applied in various
bond strength devices.

2.1 Direct Shear Test

Direct shear test can be considered as the most popular types of
interface bond strength mechanism. The overall concept of the
test is similar to that being used extensively in the research of soil
mechanics. By adopting this testing mechanism, a shearing force
will be applied parallel to the interface of a double layered
specimen until separation occurs between the two layers. This test
maybe performed under different testing configuration depending
on the device capabilities and the research needs. The following
subsection compiled several direct shear test devices available
globally that is being used by different researchers in their effort
to quantify pavement interface bond strength.

2.1.1 Leutner Shear Test

Leutner shear test can be regarded as the earliest types of shear
device designed by Leutner to investigate the pavement interlayer
bond strength [21 after 22]. It was firstly developed in Germany
and had already contributed significantly in the development of
modern shearing devices. The operation of this device is similar to
that of a Marshall flow and stability test device as described in
ASTM D6927 [23]. A constant displacement rate of 50mm/min,
in this case the shear displacement rate is applied to a double
layered specimen where the interface bond strength is to be
determined until the specimen eventually failed. The maximum
shear strength was recorded and the shear stress is calculated by
dividing the peak shear strength with the cross sectional area of
the specimen. It is to be noted that the cross sectional area varies
since the device is capable to investigate the bond strength for
double layered specimen of 100mm and 150mm diameter,
depending on the needs of the research. From this device, a
graphical representation of shear loading and displacement can be
plot. The Leutner shear test device is presented in Figure 2a.

2.1.2 Layer Parallel Direct Shear Tester

Layer Parallel Direct Shear (LPDS) Tester as shown in Figure 2b
is a modified version of Leutner shear test device developed by
the Swiss Federal Laboratories for Materials Science and
Technology (EMPA) [24-26]. This particular device is very
similar to the Leutner shear test devices, but still several
differences can be identified. Besides measuring pavement
interface bond strength, this device also measured the in-layer
shear properties to define the quality of a particular mixture [27].
The LPDS tester consists of major components like
pneumatic clamp, U-bearing and a yoke. The pneumatic clamp
holds the bottom part of the double layered specimen that rest on
the U-bearing up to the interface in contact, leaving the top part

suspended. The pneumatic clamp induced certain amount of
pressure to hold the specimen firmly. The shearing process is
done by the yoke of the device at a displacement rate of
50mm/min with a gap width of 2mm between the shearing platens
until the specimen eventually fail. This device performed the
shearing test for specimens with diameter of 150mm. The LPDS
tester has been incorporated into the Swiss Standard SN 671961 at
year 2000 and it is a provision for a double-layered specimen to
be cured for 8 hours and tested at 20°C in order to comply with
this standard [28 after 26].

2.1.3 FDOT Shear Tester

Florida Department of Transportation (FDOT) shear tester or
better known as FDOT shear tester is another device which is in
used to determine the bond strength of a pavement interface with
the shearing mechanism. This device was developed in 2003
following the request of the FDOT engineers to investigate the
performance of bond strength for paving works done on wetted
tack coat due to the rain water. Several attempts were made by
Sholar et al. [29] in order to produce the best shear tester which
fulfilled the needs. In lieu of the initial shearing device produced
which is the modified version of shear tester to measure the bond
strength between bonded concrete [30], modification was done to
produce the final version of shear tester. The reason in which
further modification was needed is that the existing shear tester
provides less flexibility apart from being cumbersome to work
with.

The final version of FDOT shear tester is as shown in Figure
2c. It fits specimen of 152.4mm only where the gap of the
shearing platen accommodating the double layered specimen was
set to be 4.8mm. The loading mode was strain controlled instead
of stress controlled, with a rate of 50.8mm/min. The testing is
done at temperature of 25°C. All these features were selected after
careful investigation on each of the parameters before the final
decision was made. This device was always referred to whenever
there raised concern over the level of bond in between two
interfaces of a pavement due to effect of rain water.

2.1.4 LISST Device

Louisiana Interlayer Shear Strength Tester (LISST) is developed
at Louisiana Transportation Research Centre to characterize the
pavement interface properties [31]. It also contributed as a part of
National Highway Research Program Project (NCHRP) 9-40. It is
a custom fabricated mould inclusive of two shearing platens (in
which one of it is stationary reaction frame and another one is the
mobile shearing frame) with a gap width of 12.7mm in between.
Normal load can also be applied in addition of the shear
stress by the normal load actuator attached to the mould. The
mould fits 100mm and 150 mm diameter of double-layered
specimen. To operate the shear test, the mould needs to attach to a
Material Testing System (MTS) for the loading to initiates. Where
the effect of temperature on the interface bond strength is needed,
the temperature chamber of the MTS can be utilized to provide
such feature. Under the NCHRP 9-40, Mohammad et al. [27] had
also proposed a standard test method of determining the interlayer
shear strength of asphalt pavement layers with the aid of LISST
device. This drafted standard aims to submit to the American
Association of State Highway and Transportation Officials
(AASHTO). In this standard, it is specified that a double-layered
specimen should be cured for 2 hours at the desired test
temperature (4.4°C, 25.0°C and 60°C as per the specification)
prior to testing at the constant displacement rate of 2.54mm/min.
If normal load is required, a normal pressure up to 206.84kPa



17 Fung Lung et al. / Jurnal Teknologi (Sciences & Engineering) 71:3 (2014) 15-22

should be applied on a 150mm diameter specimen. The
illustration of LISST device is as in Figure 2d.

2.1.5 NCAT Bond Strength Device

National Centre for Asphalt Technology (NCAT) bond strength
device also applies the shearing mechanism to determine the bond
strength within pavement interfaces. Likewise, this device is
attached to a universal testing machine or a Marshall press for the
loading of specimens, just like how the specimens were loaded
when dealing with FDOT shear tester.

The latest improvement made over the existing NCAT bond
strength device is the capability of the device to apply
confinement pressure to the double-layered specimen as presented
in Figure 2e [32]. Previously, such feature was not available and
the device is similar to the other devices described earlier. The
NCAT bond strength device tested specimens of 150mm in
diameter with the shearing rate of 50.8mm/min. In between the
shearing platens, a gap width of 6.35mm £ 0.8mm should be
provided. A 453.6kg (1000Ib) load cell was attached to the body
of the device to measure the amount of confinement force needed,
which later may be converted into confinement pressure taking
into consideration the surface area in contact. Since 2008, the
Alabama Department of Transportation (ALDOT) had adopted
this device to determine the bond strength between layers of an
asphalt pavement as specified in ALDOT Procedures ALDOT-
430 [33].

2.1.6 Ancona Shear Testing Research and Analysis (ASTRA)

The Ancona Shear Testing Research and Analysis (ASTRA)
device is designed by a group of researchers analysing the
slippage characteristics at the asphalt pavement interfaces and
investigating the shear behavior of an emulsified asphalt [34].
ASTRA was developed in the Universita Politecnica delle Marche
in Italy. It is a direct shear box type of device, complying with the
Italian Standard UNI/TS 11214, which can be normally
encountered especially in the study of soil mechanics [35].

Like NCAT bond strength device, the special feature possess
by ASTRA is the capability to provide the double-layered
specimen to be tested with normal stress apart from the shear
stress. But, the normal stress is applied with a lever and weight
system, which is like applying dead load to the specimen. ASTRA
accommodates cylindrical specimen whereby the diameter of the
specimen varies from 94mm to 100mm and also prismatic
specimen with maximum cross sectional area of 100 x 100mm>.
The rate of shearing for ASTRA ranges from 0.0008mm/min to
9.5mm/min. This indicates that the rate of the shearing may be
adjusted accordingly to the researchers’ and the research needs.

Likewise, the double layered specimen was fixed in the shear
box frame for the shearing to initiates. In between the shear frame
there is a small gap in which the gap width is not mentioned from
the publication. Another special feature of this device is the
presence of the climatic chamber to carry out the shear test. This
enabled the effect of temperature on the pavement interface
bonding to be studied in a more systematic manner since the
concern over heat loss during testing is solved. The output of the
device which shown in Figure 2f is the data file with shear load
and horizontal and vertical displacement in related with time.

2.1.7 Discussion

The popularity of direct shear test used to investigate the shearing
resistance between two interfaces should not be questioned further

when this testing mechanism is used in pavement engineering.
The best supporting fact is the presence of a variety of shear
device currently available worldwide as discussed in the previous
section. In fact, there are still numerous pavement interface shear
tester existed. However, only selected shear tester which provides
sufficient information from the accessible literature are discussed
herein. The major advantage of the device performing shearing
mechanism is the simplicity feature of the overall system,
especially in fitting the double-layered specimen to the clamp or
the shearing platens. From the discussed shear testing devices,
there are some similarities which can be observed. Most of the
devices accept specimen with 150mm diameter. Also, the rate of
shearing is strain controlled, whereby most devices experienced
shearing rate up to 50mm/min. The reasons for these parameters
are well discussed in [29]. According to them, larger specimen
diameter of 150mm compared to 100mm produced less variable
results, especially for mixture containing large nominal maximum
aggregates size. As for the loading rate, most devices favor
50mm/min as this rate is very common in asphalt testing. Also,
higher rate of shearing will returns in higher failure stress
compared to lower rate of shearing, which later ease the
discernment of good and poor bonding. In between the two
shearing platens also, certain amount of gap width is provided.
This applicable to all shear test device herein except Leutner shear
test device. The importance of gap width in governing the
interface bond strength is discovered by Collop et al. due to the
large variability observed from the testing results [22].
Modification was hence done to Leutner shear test device by
introducing a gap width of 5mm, aiming to compensate the
skewed interface between double-layered specimens and to
minimize crushing of the aggregates at the edge of the specimen.
This later raised the interest among other researchers to
investigate further on the effect of gap width between shearing
platens where several other conclusions were made [36].
Despite similarities, differences may also be observed. The most
obvious being the capabilities of LISST, NCAT bond strength
device and ASTRA device to provide with the testing specimen
with confinement pressure. Such function would better reflect the
real pavement condition which generally exposed to the shear
stress and normal stress at the same time. Confinement pressure of
ASTRA device is provided using dead load through the lever and
weight system but not LISST and NCAT bond strength device.
Such system maintained the magnitude of the normal stress
exerted following the possibilities of normal stress increment due
to specimen tilting upon subjected to shearing process. The
absence of normal stress hinders the investigation of frictional
properties and aggregate interlocking between two pavement
interfaces, which is generally agreed as important properties that
contributed to the bonding characteristics apart from the applied
tack coat. Such statement agrees to the findings of different
researchers who conducted their research using a device capable
to provide confinement pressure [12, 32, 39]. Another specialty
provided by the ASTRA device is the presence of temperature
chamber. The presence of the chamber will certainly be beneficial
in the investigation of temperature-shear strength relationship of
two interfaces. Such feature maintained the test temperature
throughout the testing and minimizing heat loss, especially for
low shearing rate device like LISST and ASTRA. Finally, if the
research using ASTRA device is extended to be carried out at
different vertical stress, a Mohr Coulomb failure envelope could
be obtained. This will help further to understand the
relationships  between stress and frictional characteristics to
predict the interface behavior [39].
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Figure 2 Various types of interface bond strength device adopting the shearing mechanism.

2.2 Tensile Strength Test

Besides shearing, tensile strength test which adopting the pulling
mechanism is another common testing adopted to quantify
pavement interface bond strength. In a simpler explanation,
tensile test, or sometimes known as pull-off test is a pulling test
whereby a pulling force is applied to pull apart a double-layered
specimen until the specimen is separated into two pieces (i.e. the
specimen failed in tension). In addition to that, this pulling
mechanism was also applied to evaluate the material properties of
a tack coat material. Existing literature reveals that there are
several pull-off devices that are currently being used to investigate
the degree of adhesion between pavement layers as well as the
quality of tack coat. However, some of these devices have limited
information from the accessible literature. The following section

presents some of the tensile strength test device which performs
the pull-off test.

2.2.1 Japan Pull-Off Test And KDOT Pull-Off Test Device

Due to the high level of similarities, these two devices were
grouped and discussed in this section. Investigation on airport
pavement bond strength with the aid of the Japan Pull-off test
device had been conducted by Hachiya and Sato [40]. However,
no illustration of the test device is provided. It was their effort to
overcome poor bond between airport pavement following the
report of surface course breaking at the location where the
aircrafts decelerates or turns. However, there is no schematic
diagram presented and therefore very limited information on the
pull-off test device that can be extracted from their publication.
Only the dimension of the prismatic double-layered specimen,
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which is 50mm width, 100mm long (50mm for each layer) and
50mm height as well as the pulling rate of Imm/min and
100mm.min is being mentioned.

Rahman e al. investigated the effect of tack coat application
rate for 4.75mm nominal maximum aggregate size superpave
overlay mix on two rehabilitation project in Kansas, United States
of America [41]. Pull-off test was conducted for cored double-
layered specimen with the Kansas Department of Transportation
(KDOT) pull-oft device as shown in Figure 3a. This device has
partially adopted the procedure as stated in ASTM D4541 [42]
during the operation of specimen pulling. The rate for which the
pulling strain is applied is set at 25mm/min. Coring specimens of
approximately SO0mm diameter was used in this test.

2.2.2 Switzerland Pull-Off Test Device

As early as 1999, the pull-off test device has been used by the
Swiss Federal Laboratories for Materials Testing and Research
(EMPA) in-situ in their effort to obtain the tensile bond strength
between an asphalt surfacing and a concrete layer underneath [43]
after [8]. Later in 2004, the pull-off test used complies with the
German testing specification ZTV-SIB 90 was used to evaluate
the interlayer shear performance of a pavement [44]. The device
consists of a 100mm diameter disc which is glued to the upper
layer of the specimen while the bottom layer is fixed to a concrete
plate. A tensile rate of 100N/s is then applied gradually until the
specimen fail. The device is presented in Figure 3b.

2.2.3 UTEP Pull-Off Test

The device is developed at University of Texas at El Paso (UTEP)
thus it is known as the UTEP Pull-off test [45]. The device is as
illustrated in Figure 3c. The development of this device aims to
inspect and quantify the bonding characteristics of the tack coat
material applied on site since the existing method used to
determine the quality of a particular tack coat is very subjective.
Thus, this device is used to measure the quality of the tack coat
applied on a pavement but not to focus on the double layered
specimen. The measured tensile strength of a tack material
reflects the suitability of the particular material to be applied as
tack coat in construction.

The testing begins by placing the UTEP pull-off device on
the tacked surface with the contact plate is in contact with the tack
coat material after the applied tack coat has set. A dead load of
18.1kg (40Ib) is applied for 10 minutes as confinement to ensure
that the contact plate is firmly contact to the tacked surface. The
dead load is removed once 10 minutes approaches and the contact
plate is detached by the mean of pulling as a result of torque
applying to the device. The maximum torque required to detach
the contact plate is later convert to tensile strength using the
calibration factor. An acceptance criterion for tack coat applied on
field was later proposed from the laboratory and field test
conducted with this device [46].

2.2.4 LTCQT Device

Louisiana Tack Coat Quality Tester (LTCQT) device, which is
graphically presented in Figure 3d is a tack coat quality testing
using the pulling-off mechanism. It is developed under the
collaboration of Louisiana Transportation Research Centre and
Instrotek Inc. for the NCHRP 9-40. The final LTCQT device is
after several modifications made on the first and second
generation of the device itself [27, 47]. A software named LTCQT
Tack Coat Measurement System is also incorporated to this
device which ease the data management.

To examine qualitatively on the tack coat materials using this
device, several parameters are needed to be fulfilled. The loading
rate is fixed at 0.2mm/s until maximum tensile load is achieved.
Also, the contact plate of the device should be kept in contact with
the tack surface for 3 minutes, with a contact pressure of 10.8kPa.
In the case that the tack coat used is in the emulsified form, curing
time of 1 hour should be provided with the aid of the infrared
reflective heating (IRH) lamp. The IRH lamp provide uniform
heat distribution which speed up the water evaporation process. A
standard method of test to determine the quality of tack coat on
site or in laboratory was also proposed to AASHTO as published
in NCHRP 7-12 [27].

2.2.5 Discussion

The pull-off test is the popular types of test to determine the
tensile bond for two interfaces in contact. Such statement is made
taking into consideration that the pull-off test not only applicable
in flexible pavement of multiple layers structures, but also being
used in concrete structures interfaces as well as rigid pavement
[48]. The pull-off test for concrete pavement has been specified in
the British Standard BS EN 13863-2 [49]. In the construction of
concrete block pavement also, the pull-off test is conducted to
determine the shear strength between the block interfaces [50].

Even more interesting, there also exists a standard
specification on the measurement of pull-off strength between two
flat interfaces as specified in ASTM D4541 [42]. Also specified in
Austria is the Austrian pull-off test that was strictly enforced in
enforced in Austrian Standard in which the minimum tensile
strength of the double-layered specimen need to be fulfilled [51].
The tensile strength tested must be greater than 1.5N/mm?* when
using modified binders and 1.0N/mm* with the application of
unmodified binders.

A major advantage of the pull-off test device is the mobility
of the device itself to be applied in-situ or in the laboratory. The
working mechanism of the test regardless of on site or laboratory
remains the same. As mentioned by Tschegg et al. [52], partial
coring of pavement up to a certain depth just after the interface
should be performed prior to the installing of the pull-off device.
The contact plate of the device is later glued to the surface of the
coring using epoxy, hence the pull-off commenced until
maximum tensile stress is achieved and recorded.

However, there are numeral drawbacks which cannot be
ignored. The pull-off test responds in a wide scattering plot of
results, which is believed to be the effect of eccentricity of pulling
load from the plunger as discussed by Tschegg et al. [52]. Such
statement is further supported by Canestrari et al. [53] who
mentioned that the eccentricity is the result of possibly inclined
piston head. At the same time, for testing the double-layered
asphalt specimen, the process is time consuming especially for the
application of epoxy. This is important to ensure that the steel
plate and the specimen are properly bonded since there is
tendency for the failure to occur at the steel plate-asphalt
specimen interface rather than the double-layered asphalt
specimen interface itself. Even if the degree of adhesiveness at
both interfaces is good enough, another concern when conducting
the pull-off test is the failure in tensile of the inlayer material
within a single layer of specimen. Such failure might be more
pronounce in the presence of higher testing temperature. To
counter these problems, it is suggested that a clamping system is
used instead of the existing steel plate adhering method. Proper
clamping just at the interfaces will definitely produce the intended
failure mode. Finally, the mechanism of pulling
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3a. KDOT pull-off device [41].
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3b. Switzerland pull-off test device [44].
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3d. Louisiana Tack Coat Quaity Tester (LTCQT) device [47].

Figure 3 Various types of interface bond strength device performing the testing with the tensile pull-off mechanism.

off prohibits the application of confinement pressure. This
eventually results in the impossibility to investigate on the friction
properties provided by the interlocking of the aggregates between
the specimen interfaces.

2.3 Torsional Strength Test

Torsional mechanism is another mechanism used to evaluate the
adhesion of two interfaces apart from shearing and tensioning. It
might not be as popular as the other two mechanisms described
earlier, but still there existed devices which are able to perform
the torsional mechanism to quantify two interfaces in contact.
Torsion is an act of twisting, which involved fixing one end or
both ends of an object then to perform the twisting in an opposite
directions. Similar to tensile mechanism, the torsional strength
test can be used to determine the bond strength of a flexible
pavement layers as well as the quality of tack coat. The
subsequent section will discussed some of the devices that
adopted the torsional mechanism during the interface testing.

2.3.1 Torque Bond Test

The torque bond test was originally developed in Sweden for the
in-situ assessment of bond conditions and has been adopted in the
UK as-part-of the approval system for thin surfacing systems [54
after 55]. This particular device can perform the torque test either
for field specimens or specimens fabricated in the laboratory. The
specimens can be 100mm in diameter or 150mm in diameter
depending on the core.

The test is conducted by conglutinating the surface of the core to
the metal plate of the device. For testing in-situ, partial coring up
to at least 20mm below the interface of interested need to be done
while testing at laboratory, the specimen is clamped to the device.
Once the adhesion between the specimen surface and the metal
plates developed such that no failure is expected to occur between
this interface, torque is applied manually at a steady rate to the
specimen. The application of torque stress stopped once
maximum torque achieved or when the recorded torque exceeds
300Nm. If the tested specimen is laboratory fabricated, it should
be tested at 20°C unless otherwise stated. A more complete
procedure may be obtained from [56].

2.3.2 ATacker™

The ATacker™ is a special device such that it can either
performed a torque test or tensile test (Figure 4). In the effort of
the Mississippi Transportation Research Centre to evaluate the
torsional shear strength and the tensile strength of different tack
coating materials, it was proposed that a device should be
developed. The ATacker™ device is the research output capable
of performing the intended features [57]. The major components
of the device developed by Instrotek Inc. include a smooth,
circular aluminium contact plate, torque and force gauge and the
force driven lever.

The sizes of the contact plates used differ accordingly to the
types of tack coat materials. For tack material of PG binders,



21 Fung Lung et al. / Jurnal Teknologi (Sciences & Engineering) 71:3 (2014) 15-22

4a. Torque bond test device [55].

e

4b. ATacker

test device [47].

Figure 4 Devices with torsional testing mechanism.

contact plate of diameter size 12.7mm and 25.4mm was used.
Meanwhile, the quality testing of emulsified tack coat materials
used contact plates of 50.8mm diameter and 127.0mm diameter.
Once the tack coat material at desired amount is applied on the
plate breaks and sets, a standard normal force of 178N was
applied for 60 seconds to maximize the contact surface area of the
contact plate. Depending on the types of test needed, torsional or
tensile force is applied until the tack coat materials failed.

2.3.3 Discussion

The existing literature results in limited types of torsional strength
test device. But this mechanism of testing is definitely developing
following more and more research works that are conducted in
the recent years [8, 58, 59]. It is capable to perform both testing
in-situ or in the laboratory whereby comparison of the results can
be made. Similar to tensile test, the quality of the adhesive
between the contact plate and the specimen surface need to be
ensured in order to obtain the bond strength between two
interfaces in contact. An important limitation to this mechanism is
the unfeasibility of the test if the bonding at the interface is higher
than the torsional resistance of the material within a single lift. At
the same time, Canestrari et al. [53] also highlighted the non-
uniform stress distribution which varies from zero at the center to
the maximum at the outside of the core when testing is done with
this mechanism.

The initial torque bond test is manually operated which the
application limited at in-situ for thin surfacing only. Due to that,
Choi [60] after Sutanto [8, 58] developed a laboratory based
manual torque test in which the test can be carried out in a
controlled environment. The further drawbacks were later
overcome by following the development of mechanically
controlled automated torque bond test in the research by Sutanto
[8, 58]. According to him, the automated torque bond test resulted
in higher bond strength value compared to manual torque bond
test when operated at a contact rate of 600Nm/min.

3.0 CONCLUSION

In conclusion, shear types testing is still the most popular
mechanism adopted to conduct the interface bond strength testing
among the discussed mechanism. The test is generally rapid,
easier to set up and results in reliable output with the extensive
research carried out worldwide with different shear tester. The

development of tensile test and torsional test however, could not
be ignored as the devices with this mechanism normally are
portable and can be applied in-situ. This is especially useful when
to test the quality of tack coat before paving works begin. It will
certainly ensure the adhesiveness of the tack coat materials and to
prevent further losses like the premature failure of a pavement due
to insufficient interface bonding.

Continuous research also ended up with different types of
devices being developed at different countries. While some parties
might claimed that there is no standardization for all of these
devices which often end up with incomparable research results, it
should be understood that the pavement conditions varies from
one location to another. The differences may range from the
seasonal effects, construction technique as well as the traffic
intensity. A wuniversal bond strength testing device should
therefore be developed incorporating different conditions which
may be experienced by the pavement.
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