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Abstract:

This article states the modification of stone mastic asphalt with nano titanium dioxide and the advantage it has over
conventional asphalt. The transport infrastructures must meet the needs of transport as well as other requirements
like resilience and multi-hazard resistance in order to satisfy society's desire for sustainable development. Hence,
blast load is introduced in this paper as one of the potential hazards that may be exposed to pavements. The use of
SMA with nano titanium is believed to impact the pavement's behaviours significantly and can potentially resist
higher blast loads and reduce failure in samples. As real field blast tests are limited, a numerical analysis is done to
assess the modified pavement's enhancement. The article concludes by recommending using SMA modified with nano
titanium as a promising solution to withstand blast loads in pavements.
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1. INTRODUCTION

The pavement industry has continued to grow, but
common issues such as rutting, cracking, potholes, and
moisture susceptibility still persist. Malaysia's climate,
which is characterized by high temperatures, with an
annual average temperature of 28°C and a maximum air
temperature of 45°C, can increase these issues [1].
Various methods have been applied to the pavement mix
to improve its stability, service life, and resistance to
permanent deformations [2]. There are also monsoon
seasons, and when it passes, the pavement has more
visible deformations. Other than normal usage intended
for pavements, there are also several usages such as
military-related structures, explosion-exposed buildings,
airport pavement, and many more [3]. Since the load
applied to this kind of pavement is different or relatively
higher compared to the normal pavement usage for
normal vehicles, these pavements exposed to blast loads
have different requirements. The current pavement system
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is only designed for high loads but has not been exposed
to blast loads. Hence, the usage of materials for a new
pavement system is introduced to produce a more
enhanced multi-layer pavement to resist loads with higher
intensity of loads. Nanomaterials are small in size, which
makes them easy to employ because the small particle size
can impact the asphalt mix and improve its attributes.
Nanomaterials are chemical compounds or substances
manufactured and used on a micron size. Nanomaterials
range in size from 1 to 100 nanometres (nm) [4].
Nanomaterials, such as zinc oxide, titanium dioxide,
copper oxide, and silica, have previously found
applications in medical, cosmetic, and biological fields, but
they are now being introduced to the pavement industry
[5]. Nanomaterials are particularly attractive as additives
for pavement materials due to their microscopic scale and
significant surface area, which give them unique
properties when incorporated in the appropriate amounts.
There are two methods commonly used to produce
nanomaterials: the “top-down” and “bottom-up” app-
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roaches [6]. There are two approaches to the top-down
approach. The first strategy involves shrinking larger
structures to the nanoscale, while the second involves
deconstructing them into their composite pieces [7].
Nanomaterials have diverse properties depending on their
type; their positive impact motivates researchers to learn
more about them. For example, certain asphalt mix
pavement with nanomaterials added to it as a modifying
agent and stabilizer has greatly enhanced the qualities of
the mix.

2. CHARACTERISTICS OF STONE MASTIC ASPHALT

Flexible and rigid pavements are two distinct types of
pavements that are selected based on the characteristics
of the road and specific project requirements, these
pavements are often found and adjusted according to
respective needs [8, 9]. In flexible asphalt typically, three
types of flexible asphalt are encountered: dense-graded
asphalt, open-graded asphalt and polymer-modified
asphalt. The surfacing material for flexible pavements is
asphalt [10]. It consists primarily of aggregates and a
bituminous binder. The asphalt surface layer and subgrade
make up the majority of the flexible pavement structure
[11]. The subgrade plays a crucial role in supporting the
pavement structure and dissipating the forces generated
by traffic. Furthermore, in a flexible composite pavement,
all of the structural layers are fully interconnected from
the outset [12]. In contrast, concrete pavements are often
favoured for the construction of durable roadways due to
their ability to distribute loads evenly over the subgrade
and their relatively lower structural depth requirements
when compared to flexible asphalt pavements [13]. Stone
mastic asphalt is an asphalt mix that is classified as gap-
graded due to the presence of two main components: a
coarse aggregate that makes up most of the mix and a
large volume of bitumen acting as the filler [14]. This
asphalt mix is different from others because it has a
higher content of coarse aggregates that are not uniformly
graded. Due to this composition, SMA is able to bear
heavy wheel loads more efficiently compared to
conventional pavement [15]. To prevent issues such as
bleeding in the mix, SMA incorporates an additional
additive, such as cellulose fibre, alongside its high
bitumen content [16]. Furthermore, the use of coarse
aggregate in SMA increases the amount of stone-on-stone
contact, resulting in a more durable and long-lasting
pavement than traditional designs [17]. Stone mastic
asphalt has several advantageous properties, such as high-
temperature stability and greater wear resistance. The
material possesses enhanced adhesion to prevent particle
separation and greater flexibility, even in low
temperatures [14]. Although SMA is famous for its
strength and durability, it still possesses some
disadvantages like rutting, binder drain-down and
moisture susceptibility due to its gap-graded structure
[18]. Rutting in the stone mastic asphalt mixture typically
initiates with an incipient deformation in the bottom level
of the mix and progresses to the formation of more cracks
with prolonged time, which finally link and cause rutting
at the top level of the road. Vehicle loading adds to the
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production of cracking because the load exceeds the
capacity of the pavement, and the capability of it declining
with the increase of cracks [19]. These could eventually
lead to another problem: water sensitivity. Moisture
sensitivity or resistance occurs when moisture slips into
existing spaces, gradually weakening and gradually
disconnecting the aggregates and bitumen adhesion [20].
Materials, construction, traffic, and the environment can
influence road performance and the resulting distress.
These factors can be interdependent and affect the
pavement's overall quality [21]. Thus, adding stabilizers,
additives, or binder modification exists to counter these
problems mentioned. For this research, stone mastic
asphalt is used alongside nano titanium dioxide. Nano
titanium modified binder is added to stone mastic asphalt,
which is comprised of coarse aggregates and bitumen,
forming a skeleton-like structure. The mechanical
properties of this mixture were assessed, and it was
discovered that the viscoelastic strain, moisture
susceptibility, resilient modulus and binder drain-down
aspects of mixture were enhanced. Furthermore, the
addition of nano titanium was found to boost engineering
properties of the SMA.

In the case of the Public Work Department
specification, it specifies the use of 60/70 penetration
grade bitumen for SMA mixes [22]. This means that the
bitumen used in the mix has a penetration value of 60-70
dmm at 25°C. This grade of bitumen is commonly used in
SMA mixes and is known to provide good performance in
regard to resistance to deformation and cracking. The
chosen binder content is 6.16%, adopted from work by
previous studies [23, 24]. The binder properties are shown
in Table 1.

Table 1. Binder properties.

Properties Descriptions
Specific gravity @25°C 1.01/1.06 kg cm®
Penetration @25°C 60-70 mm
Softening Point @25°C 49-56 °C
Ductility @25°C 100 cm

Note: *UniversitiMalaysiaPahang, LebuhPersiaranTunKhalilYaakob, 26300,
Kuantan, Pahang, Malaysia.

The binder undergoes a binder modification process in
which a sample of 500g of bitumen of grade 60/70 was
mixed with 1% nano titanium dioxide powder for 1 hour.
The nano titanium dioxide used was from 1% to 5%. The
binder mixer machine was set up at 1500rpm with heat of
160°C.

3. PROPERTIES OF NANO TITANIUM DIOXIDE
(NANO TIO,)

Nano TiO, is a type of transition metal oxide,
consisting of one titanium atom and two oxygen atoms at
its most basic level. Although it makes up only about a
small amount of the Earth's crust, it is one of several metal
oxides, including iron [25-27]. The synthesis of nano
titanium dioxide involves using the sol-gel method,
resulting in a material with self-cleaning and self-
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sanitizing capabilities due to its active photo-catalytic
properties [28]. Nano TiO, has an octahedral basic
structure with three TiO, crystal structures (TiO4). The
arrangement and linkages of the structure of nano
titanium dioxide vary with temperature and can be either
spherical or ellipsoidal [29]. Three primary types of nano
titanium have a band gap of 3.2 eV and possess an
octahedral structure. Rutile, with a tetragonal structure
and a band gap of 3.00 eV, and brookite, with an
orthorhombic structure with a band gap of 3.26 eV, are
the other two main types. Table 2 shows the properties of
nano titanium dioxide.

Table 2. Properties of nano titanium dioxide.

Properties Description

Colour White

Purity 99.9%

Primary Particle Size 20nm

Structure Anatase, Rutile, Brookite
Melting Point 1843°C
Boiling Point 2972°C
Relative Density at 25°C 4.26g/cm’

4. BLAST LOAD

Blast load could happen from an explosion or any
disturbance that could impact the whole structure or only
a specific point. As with earthquake intensity, blast force
has been described as the magnitude of an explosion
accident's influence on buildings [30]. These loads,
however, carry a very high intensity of force and cannot
withstand normal pavement. That is why there is a
development  of multi-layer asphalt pavement
incorporating reinforced concrete to withstand the load
[31]. These multi-layer pavements are still being
researched due to the lack of literature on the materials
usage and the additional additive use. However, it is
observed that the expanding use of nanomaterials in the
pavement provides a chance to enhance the multi-layer
pavement subjected to design requirements depending on
the material used. Appropriate component material
selection and mix proportioning have been shown to
generate concrete with significantly higher strength and
toughness than traditional ones produced using standard
procedures, all while being competitively priced [32].
Unconfined and enclosed explosions are the two types of
blast loads. The major group is defined by whether the
blast load occurs within or acts on the structure.
Unconfined explosions are classed into three forms
according to their blast loading: open-air explosions,
airborne explosions, and external blasts. Explosions might
be completely vented, partially or completely enclosed
[33]. In their research, Wu (2018) suggested a field blast
test and slab size of 2.8m length for both sides as it is a
square slab and 0.275 thickness is recommended to make
a sample the same as a laboratory sample. High-Strength
Concrete (HSC), Engineered Cementitious Composites
(ECC), and asphalt concrete (AC) with geosynthetics xxv
(GST) are used since each of the materials have different
properties and could influence the new pavement to

perform better under exposure to blast load. Despite the
use of several material systems, there is a lack of well-
established data on their interface properties. Therefore,
further testing is necessary to evaluate the contact
strength between these layers. The interface strength
between the AC and HSC layers was evaluated through
the implementation of both direct and tilt table tests.
However, due to the high cost and effort involved in field
blast testing, numerical simulations of pavement systems
exposed to blast loads were found to be more efficient.
Additionally, the fundamental parameters required for
calibrating the advanced material model were determined
through the utilization of dynamic laboratory tests. The
advanced material model was first implemented with the
Dynamic Increase Factor (DIF) for AC material. The model
was then validated through field blast tests, and a 3D
numerical model of the multi-layer pavement was created.
Through parametric investigations, it was discovered that
increasing the thickness of the HSC and ECC, adding steel
fiber to the HSC, and improving subsoil ground conditions
could assist in fortifying the pavement's ability to
withstand blasts. A design diagram for pavement under
various explosive charges was ultimately created. It is
important to acknowledge that an explosion event typically
generates an energy level of approximately 103 kJ/kg of
explosive charge weight. Due to differences in loading
durations, the impact and blast loads would apply varied
strain rates to the material. In most cases, impact load
causes a strain rate of 1 to 10 s-1 in the material, whereas
blast load causes a strain rate of 103 s-1. The material's
dynamic response to blast and impact loads varies due to
differences in the intensity and duration of these loads.
Given its high energy level and rapid strain rate, the blast
load can inflict greater damage to the material compared
to the impact load. Consequently, it is necessary to
conduct a blast test to ensure that the proposed pavement
material can withstand blast loads. However, reproducing
blast loads in a laboratory test is challenging. Therefore, a
field trial test will be conducted to assess the dynamic
response of the proposed pavement under blast stress.
This test will also evaluate the performance of the
specimens under actual blast conditions. This novel
pavement design utilizes the unique properties of all four
materials to their full potential. Laboratory and field trial
outcomes have demonstrated that this proposed multi-
layer pavement design possesses excellent penetration
resistance, strength, flexibility, and multi-resistance
capabilities. However, due to limitations in cost and
availability of field sites, a limited number of field trial
tests have taken place. Therefore, numerical modelling
should be utilized to examine the impact of various effects
on the performance of the proposed multi-layer pavement
design

5. BLAST LOAD APPROACH

For blast load, encountered parameters are the size of
the concrete slab used, whether square or rectangular
[34]. Then, the amount of TNT used and the distance will
be projected. The distance between the slab is also
considered, as whether the load will be blasted on the
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ground or a concrete table will be chosen. Materials used
for making the slab and pavement will be taken into
consideration. The properties of materials used are
important as they affect the final result of the product.

Evaluation tools

Laboratory tests, numerical methods, and simulation
techniques are utilized to assess the effects of blast loads
[35]. In order to overcome the limitations of conducting
field tests on samples exposed to blast loads, laboratory
tests are conducted to study the properties of the
materials used. Drop weight tests are one such laboratory
test, and to enact the real-life blast load on the material,
the blast is conducted on a square or rectangular slab. The
resulting damage is then observed, and details such as the
depth of explosion, slab cracking, damage pattern, and
other related variables are recorded. In addition,
numerical methods are also used, such as employing
applications like AUTODYN and conducting numerical
simulations on a 3D model.

In 2014, Wu and Chew conducted a study on a multi-
layer pavement system that included three layers: an
Asphalt Concrete (AC) layer reinforced with Geogrid
(GST), a High Strength Concrete (HSC) layer, and an

275mm
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Engineered Cementitious Composites (ECC) layer. They
used the Polyfelt Microgrid MG-100 with a bi-directional
tensile strength of 100 kN/m and an aperture size of 7 mm
to reinforce the AC layer. The study involved creating and
testing two types of pavement slabs: 275mm thick, as
shown in Fig. (1), and new pavement with 75mm asphalt,
100mm HSC, and 100mm ECC, as shown in Fig. (2). To
model the system, the researchers used a 3D dynamic
numerical model with LSDYNA.

The field blast tests involved subjecting each 2.8m
square slab, with a thickness of 0.275m, to a single
detonation using a 7.3kg TNT explosive weight placed in
the centre of the slab, raised 170mm above its surface.
T12 bars were utilized, and installed in both directions on
the bottom layer, spaced approximately 350mm apart. The
findings of the field blast tests demonstrated that the
proposed multi-layer pavement system, which incorpora-
tes ECC, HSC, and AC with GST, could significantly
enhance the blast resistance of the pavement. The new
multi-layer pavement design shows better performance
compared to traditional pavement structures. Furhter-
more, due to the significant expenses and resources invol-
ved in conducting field trial blast tests, it is suggested to
conduct simulations.

Fig. (1). Normal concrete pavement [37].

Geogrid Layer

Fig. (2). Composite pavement [37].



Stone Mastic Asphalt Modified With Nano Titanium Dioxide

Wu et al. (2015) conducted research on the
performance of cement-based multi-layer composite
pavement, specifically the soft-hard-soft (SHS) configu-
ration, against blast load. They cast a slab with dimensions
of 2800mm x 800mm x 275mm, which was reinforced
with vertical anchors at each corner. The slab consisted of
a 75mm thick AC layer on top, followed by a 100mm thick
HSC layer, and a 100mm thick ECC layer in the middle,
with Geogrid serving as reinforcement for the AC layer.
The slab was anchored to the ground, and a field blast test
was conducted using a 7.3 kg TNT explosive charge placed
approximately 170 mm above the pavement surface.

6. NUMERICAL MODEL FOR BLAST LOAD IN
PREVIOUS STUDIES

For 3D modelling, AUTODYN is used to model the
blast onto the slab. Significant experimental blast loading
gathering of information is challenging due to the high
costs, tight regulations, safety issues, and the enormous
number of labour needed [36-38]. In the numerical
simulation, the materials used must be identified. For
example, if the material involved is concrete, air and
explosion materials, all the materials must be loaded first
into the AUTODYN. Wang et al. (2013) used both
numerical and experimental methods to compare the
damage modes that happened to the concrete after an
explosion. In the numerical method, only % of the original
slab is considered, and the initial explosion along with the
propagation of the wave are modelled. The concrete is
under the Lagrange sub-grid, while the air and explosion
are under Euler. Euler-Lagrange interaction is considered.
The numerical and experimental models shown are
reliable even though there are only a few differences that
are due to the assumptions considered while inserting
data in the numerical model.

The numerical model incorporates air by employing an
ideal gas equation of state (EOS), which represents a
fundamental and simplified form of EOS. This equation
establishes a correlation between pressure and energy. P
= (y - 1) pe (1) The simulation employs the customary
parameters linked to air as defined in the AUTODYN
material library, wherein y is a constant, p denotes air
density, and e represents specific internal energy, p =
1.225 kg/m3, and y = 14. The initial internal energy of air
is considered to be 2.068 x 105 kJ/kg. The Jones-Wilkins-
Lee EOS is a common method used to model high
explosives like TNT. It describes how the pressure created
by the chemical energy released during an explosion
affects the system and may be represented as P = A(1-) +
B (1-) + (2). In the current simulation, the material
constants A, B, R1, R2, and w for a TNT explosive charge
are 3.7377 x 105 MPa, 4.15, 3.747 x 103 MPa, 0.9, and
0.35, respectively. These constants are used to calculate
hydrostatic pressure (P), particular volume (V), and
specific internal energy (e), where they play an important
role. The values for these constants have been obtained
through dynamic experiments for various commonly used
explosives and are available in AUTODYN. These values
are crucial for accurately simulating the behavior of

explosives in various scenarios. By inputting these values
into the simulation software, researchers can study the
effects of different explosive charges and blast scenarios,
helping to improve safety and design in areas such as
defense, mining, and construction. The values may vary
for other types of explosives, and it is important to use the
correct values for each specific scenario to ensure
accurate results. It is occasionally feasible to skip one or
more steps. For example, for a simple analysis, the default
solution selections are frequently sufficient. Some steps
might be completed out of sequence [7, 39]. The element
types and material attributes, for example, can be defined
in either order. Loads and boundary conditions can also be
defined in either order. It may be required to conduct
these steps out of sequence on occasion. According to
some studies, decreasing the mesh size has minimal effect
on the numerical findings but results in a substantially
longer calculation time [40]

7. BLAST LOAD EXPERIMENTAL WORKS

Table 3 shows the shape of the RC panel, which can be
rectangular or square, as well as the specimen
configuration utilized for the blast test in each of the
studies conducted for various reasons.

In a study performed by Wang et al. (2013), the
deterioration types happened to four samples of the one-
way square-reinforced concrete slab were investigated. The
slabs were exposed to immediate blast loading resulting
from detonations of explosive charges with varying masses.
As shown in Fig. (3), the slab dimension was 1000
x1000%x40 mm, which has a concrete cover thickness of
20mm. The compressive strength of the concrete cylinders
used in the experiment was 39.5MPa. The slabs were
secured with steel rigs at two edges using a clamp system.
Explosions were induced on the slabs using 0.2-0.55 kg TNT
placed 400 mm away from the slabs. As the explosive
charge increased, the failure mode of the RC slab shifted
from overall flexure to localized punching shear. RC slab C
displayed a higher occurrence of radial and circular cracks
on the upper side of the slab when subjected to a 0.46kg
TNT explosive charge compared to slab B. Among the
tested slabs, slab B provided the most accurate prediction,
as its simulation results closely matched the experimental
results.

Kumar et al. (2020) conducted experimental and
numerical tests to evaluate the resistance of reinforced
concrete slabs to blast loads. The study utilized six C40-
grade concrete slabs, reinforced with 10 mm diameter
Fe500-grade High Yield Strength Deformed (HYSD) steel
bars at a predetermined spacing of 100 mm center to
center between two adjacent bars in both directions along
the span (Fig. 4). The slabs were 1000 mm square and 100
mm thick and were subjected to blasts of varying weights,
simulating military and terrorist explosives. The slabs were
positioned on supports along their two opposing edges,
which accurately mimicked the emergency situation given.
A calculated amount of Gelatin explosive was located at a
standoff distance of either 100 or 500 mm over the slab
center using a wooden stand and thread.
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Fig. (3). Set up for the test [3].

Table 3. Previous works on blast load.

Zali et al.

Sp%;;:en Study Description Dimseliles‘;:::lle(lrlnm) TiI;:CSItI:;?:p Numerical Contribution Source
-Doubly reinforced and 1250&( tiZfS OXS% Iti ine debri . W I
two-way directions (mo elled from the Clamped on t is necessary to examine debris creation (Wuetal,
-Subjected to 0.64 kg previous study) steel frame rig LS-DYNA after the overpressure has been reduced to 2019)
INT 1000x1000x100 Zero. [41]
’ (experimental)
In both experimental testing and numerical
simulations. They shows that the failure
tgg i? tsﬁénrg l:seassbggac(tlsa patterns of these slabs are split into three
to the explosion at a Mounted on a types: The comparison reveals that these (Zhao, Wang
distance of 0.611 m, /kg“3 1000 x 1000 x 40 steel frame hold LS-DYNA slabs' failure trend are divided into three ot al ’ 2019)’
and one is sﬁbjecte dto on both end by types of damage: low, moderate, and [ 42]
blast load at a scaled U-shape clamps. severe. The expected and real life results
distance of 0.77 m/kg"” are compatible and shown that blast-proof
' 9 properties of RCSs can elevated with
reinforcement.
Explosion
Square pressure grew
type as the amount
of TNT
1000 x 1000 x 100 - ABAQUS increased while 1000 x 1000 x 100 -
decreasing as
the standoff
distance
increased.
-The BRCS and NRCS have the same spall
threshold, but the breaching threshold
differs. BRCS also outperform NRCS in
Simply terms of anti-blast ability and flexibility.
supported with - Current models for predicting concrete (Yuetal.,
1500 x 1500 x 300 P - damage in close-in explosions are 2020)
our concrete . - .
jers holding it. }napphcable to'contact explosmns,. [44]
p particularly for a thick RC slab. A rewrite of
the existing equations is necessary which
will aid in the creation of blast-resistant
engineering recommendations.
-Two-way slab with 8mm
1"_(;1;1;;);;?/1:%1;1;?;{1 Evidence suggests that retrofitting
Rectangle | composed of a mixture of Clamped on a

type

50% pentrite and 50%
trinitrotoluene (TNT),
with a TNT equivalency

rating of 1.3.

2170 x 1000 x 100

steel support
table

measures can effectively minimize the
dispersion of airborne debris and decrease
the maximum deflection within the tested
range when an explosion occurs.

(Draganic et
al., 2021)
[43]
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(Table 3) contd.....

Specimen

Type Study Description

Specimen Specimen
Dimension (mm) Test Set-up

Numerical Contribution Source

-Explosive tests were
conducted with TNT at
0.4m standoff distance

quantities: 2 kilograms, 4
kilograms, and 6
kilograms.

using three different 1000 x 2000 x 120 Steel frame

-Explosive tests
were
conducted with
TNT at 0.4m
standoff
distance using
three different
quantities: 2
kilograms, 4
kilograms, and
6 kilograms.

Increasing the charge weight will lead to a
greater number of fragments being
produced and propelled a further distance.
As the charge weight increases,the
proportion of small fragments also
increases.

The distance between the center of the explosive and
the top surface of the slab was measured to determine the
standoff distance. It is important to note that the quantity
of Gelatin explosive used in the experiment was first
converted to equivalent TNT by multiplying its weight with
the relative effectiveness (R.E.) factor. The R.E. coefficient
for Gelatin explosives was found to be 0.62.

Likewise, it is worth noticing that the Gelatin bundle
was suspended from its core. The detonation of the Gelatin
sticks was observed from the center of the bundle's
length, which was positioned parallel to the surface of the
slab. To facilitate the detonation wave, the Gelatin sticks
were wrapped in a cordex, which acts as a carrier for the
wave. For simulations of the current explosive situation,
the ABAQUS/Explicit finite element code was employed.
This work merely modelled a fourth of the intended
reinforced concrete plate/slab (500 mm 500 mm 100 mm),
taking advantage of the slab's geometry alignment,
supporting layout, support, and loading condition.

Concrete spalling/scabbing has been noticed on the
targeted reinforced concrete slabs, crater creation, and
crack growth. The slabs were set on the ground; however,
no slabs fell off during testing. Various failure types and
amounts of blast-induced damage allowed for a better

Concrete

1000 mm

Fig. (4). Slab dimension with bars [45].

knowledge of the behavior of RC slabs whenever subjected
to similar impact/shock from mortars and rocket attacks.
The one-way bending of the slab becomes more
dominating as the explosive charge increases. The
localized failure of the slab, on the other hand, changed
into a worldwide deformation as the standoff distance
increased. Simulations based on finite elements in
ABAQUS/Explicit were used to simulate concrete
deterioration, crater formation, and spalling/scabbing. The
explosion pressure grew as the amount of TNT increased
while the explosion pressure when the standoff distance
increased, decreases.

Zhao et al. (2019) carried out tests to assess the
explosive behaviors of small-scale reinforced concrete
slabs (RCS) in terms of experimental and numerical. The
dimension of the slab of 1000 mm x 1000 mm x 40 mm
was used with a concrete grade of C30 with a concrete
cover of about 16mm. The reinforcement bars (RB) were
applied in a single mesh layer with a diameter of 8mm or
6mm. Three small-scale RCSs were cured; two RCSs were
subjected to the explosion at a distance of 0.611 m/kg1/3,
while the third RCS was exposed to blast load at a
distance of 0.77 m/kgl/3. The slab was clamped with 10 U-
shape clamp loops at the opposite two sides and under it
lies a steel frame.

10 mm Diameter b
Reinforcement Bars 1000 mm
{Spacing 100 mm)

100 mm
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1000
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sz

2000

Fig. (5). Slab dimension (mm) [47].

Three small-scale RCSs were cured; two RCSs had
been subjected to an explosion at 0.611 m/kg"”, while the
third one was exposed to an explosion at 0.77 m/kg"”. The
slab was secured with 10 U-shaped clamp loops on the
opposite two sides, and a steel frame was installed
beneath it.

Punching flexural failure, global flexural failure, and
punching failure: damage modes were derived through
testing and numerical simulation.

As the reinforcing ratio and explosive charges grow,
the highest displacement, number of cracks, and degree of
damage all decrease. Concrete penetration failure in the
middle, major crack spread, and concrete deterioration on
the underside were found in RCS with a low reinforcing
ratio. Distributed reinforcement bars can considerably
improve blast resistance and slab integrity. The highest
relative error percentage in the RCSs' damaged zone is
less than 15.3%, and the lowest error percentage in the
affected zone is 2.43%, which meets the engineering
design criterion [44, 45, 31].

In their study, Shi et al. (2020) conducted experiments
on fragments produced by close-in explosions. The slabs
were 2000 mm x 1000 mm in size, with a width of 120
mm, as shown in Fig. (5). The slabs were constructed
using commercial concrete grade C30 from China and
supported on both sides with steel bars of 12mm diameter
spaced at a distance of 100 mm for active steel bars and
200 mm for constructional steel bars with 20mm cover. A
total of five RC slabs were built in the laboratory, and 2 kg
up to 6kg with an interval of 2 of TNT were used.

In this testing, a 1.5-meter-wide, 4-meter-long, and 2.5-

meter-high steel holding structure was created to support
the RC slabs during the tests. To ensure stability of the RC
slab specimen, two channel steels were connected and
secured to the steel frame using the test equipment.
During the experiments, wooden chocks were used to
prevent oscillation of the slabs. Additionally, two high-
strength bolts were firmly inserted into the soil and
attached to the frame to prevent it from moving forward
due to blast energy. The shaped TNT charge, which had a
density of 1630 kg/m’, was hung in front of the specimen.
The charges were then detonated at a distance of 0.4m
from the bottom towards the center of the slabs [46]. This
study suggests that adopting strategies like increasing
reinforcement and protection distance can be helpful in
mitigating the danger regarding fragments. The likelihood
of focused damage, such as deterioration and breaking, is
higher in remote explosions compared to general flexural
or shear damage. In the case of TNT charges weighing 6
kg, the maximum velocity of ejected pieces from RC slabs
due to close-in blast pressures can reach as high as 100
m/s.

In their research, Draganic¢ et al. (2020), and Luccioni
et al. (2006) [43, 47, 48] examined the durability of
reinforced concrete slabs subjected to blast loads. They
modified the slabs using glass fiber textiles impregnated
with epoxy resin. The slabs were 2170 x 1000, had a
thickness of 100mm, and were reinforced with a two-way
mesh measuring 8 mm. A 1.5 cm protective layer was also
added, resulting in a 7 cm separation between the
compressive and tensile reinforcing mesh layers. The steel
grade used was B500, and the concrete grade was C20/25.
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Fig. (6). Sample dimension [43].

Two types of glass fiber textiles with epoxy glue
reinforcement were used to create composite retrofit
systems, including glass woven cloth and chopped strand
glass mats. Twelve slabs were evaluated, with 9 being
modified and 3 left unmodified. Four of them were tested,
one as a reference and three modified with designed
composite systems. The arrangement for static load tests
included two plates of steel for support, a steel response
frame, and a steel force application frame, as shown in
Fig. (6). To create a four-point bending test and replicate
simply supported boundary conditions, Teflon plates were
inserted between the slab and four steel point supports.
Additionally, a specially designed steel hinge was utilized
to connect the hydraulic jack to both the response and the
force application steel frame. These loads inflicted on the
surface have different reactions and the amount of load
they could manage is observed [49].

These previous researchers investigated the slab
component and the damages that happen under blast load
through field test and numerical tests but there is a
concern with how blast load will affect a different type of
structure like pavement. Since pavement is said to be
more vulnerable under the threat of explosion accidents.
Hence, by modifying the pavement with nano titanium
dioxide, it is hopeful that the findings from the testing
could add to the idea of anti-blasting pavement.

CONCLUSION

This paper is a mini review on the nano modification
on stone mastic asphalt with an insight into blast load.
This review intends to see the blast load effect on the
pavement structure. By looking at some effect the blast

load has on concrete structures when making a new
pavement, researchers can include a material that is
sufficient to cater to high loads. The ideas from this review
will be a good idea for future researchers that have an
interest in anti-blasting pavement. The thought from this
research could add to the findings for future design
purposes.
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