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ABSTRACT mathematical models to predict future leaching

Purification materials have been widely applied as
filter media in best management measures including
wetlands, bio retention systems, and so forth,
whereas their application in permeable pavement is
limited and needs further research. Based on
laboratory rainfall test and static adsorption test,
the possible application of three types of water
purification materials, including diatomite, quartz
sand, and straw biochar, in porous asphalt
pavement and their pollutant removal effect were
investigated. And when the purification materials
are applied as alternative fillers in porous asphalt
mixture (PA), they can enhance the removal effect of
dissolved pollutants, especially heavy metals, by
their special chemical properties and the positive
influence on microscopic pore structures of PA.
Contaminant leaching from asphalt pavements
poses a significant environmental concern,
potentially damaging soil and groundwater quality.
The growing interest in incorporating recycled
materials in asphalt pavements has further raised
concerns over the potential environmental hazards
due to contaminant leaching. analysis of
contaminants, contaminants and leaching from road
materials incorporating recycled waste, other
factors affecting leaching of pollutants from asphalt
pavements, and mathematical models to predict
leaching from asphalt pavements. Despite the
importance of addressing leaching issues, there is a
lack of standardised leaching tests and guidelines
specific to asphalt materials, limited attention to
evaluating contaminants beyond heavy metals and
PAHs in  asphalt  leachates,  insufficient
understanding of optimal instrument parameters for
asphalt leachate analysis, and a scarcity of

potential.

Keywords: Contaminant leaching Asphalt roads,
porous asphalt pavement, purification materials,
pollutants from asphalt

INTRODUCTION

Porous asphalt pavements have been
successfully installed in many countries as
an effective method to overcome road
runoff challenges, with their innovative
design boasting benefits above those of
conventional asphalt pavements. Designed
with built-in networks of void spaces, water
and air can pass through the surface, base
course and reservoir structures, finally
entering the receiving environment. As a
result of this design, porous asphalt
pavements are not only of benefit to the
physical hydrology, reducing runoff peak
and peak velocities during rainfall events,
but also a beneficial way to improve the
water quality of runoff. Some field studies
have shown that porous asphalt pavements
can provide benefits such as the removal of
heavy metals from road runoff, in the long
term. While slightly coarser than standard
asphalt, porous asphalt pavements are
acceptable. Moreover, the porous asphalt
pavement does not require proprietary
ingredients and does not require special
paving equipment. Because of the open
structure of the pavement, porous asphalt

Anveshana’s International Journal of Research in Engineering and Applied Sciences
EMAILID:anveshanaindia@gmail.com, WEBSITE:www.anveshanaindia.com
74


mailto:anveshanaindia@gmail.com
http://www.anveshanaindia.com/

ALJREAS

VOLUME 8, ISSUE 3 (2018, MAR)

(ISSN-2455-6300)ONLINE

Anveshana’s International Journal of Research in Engineering and Applied Sciences

offers a means to replenish water tables and
aquifers rather than forcing rainfall into
storm sewers, porous asphalt also helps to
reduce demands on storm sewer systems.
The performance of porous asphalt
pavements is similar to that of other asphalt
pavements. And, like other asphalt
pavements, they can be designed for many
situations. Common applications of Porous
Asphalt Pavements are parking lots, side-
walks, pathways, shoulders, drains, noise
barriers, friction course for highway
pavements, permeable sub base under the
conventional flexible or rigid pavements
and low volume roads. In addition, porous
asphalt can also be used as an application
for tennis courts, patios, slope stabilization,
swimming pool decks, green house floors,
zoo areas etc. Stormwater is a water
resource alternative that can bring benefits
to urbanized communities. However, the
wide range of storm water runoff pollutants
may present significant health risks. In
addition, storm water runoff from urban
impervious  surfaces  often  carries
contaminants, sediments, and nutrients that
can degrade the water quality of streams,
rivers, or other water bodies. The
infiltration capacity in three permeable
parking sections using different pavements
over a period of four years. Porous concrete
pavers, porous concrete, and porous asphalt
were the pavements tested. It was observed
that the infiltration rates decreased
significantly due to the clogging of pores by
the deposition of particles, mainly during
the last two years. The porous concrete
obtained the best performance while the
porous asphalt was the worst. However, all
porous pavements in parking lots have a
great ecological importance due to their
ability to infiltrate storm water quickly,
which reduces runoff in the catchment area

and avoids floods. Measure the infiltration
capacity in three permeable parking
sections using different pavements over a
period of four years. Porous concrete
pavers, porous concrete, and porous asphalt
were the pavements tested. It was observed
that the infiltration rates decreased
significantly due to the clogging of pores by
the deposition of particles, mainly during
the last two years. The porous concrete
obtained the best performance while the
porous asphalt was the worst. However, all
porous pavements in parking lots have a
great ecological importance due to their
ability to infiltrate storm-water quickly,
which reduces runoff in the catchment area
and avoids floods. The general principle of
permeable pavement is to collect, treat,
and/or infiltrate freely any surface storm-
water to support groundwater recharge.
These pavements provide a reduction of
storm-water runoff volumes and discharge
rates from paved surfaces which can
potentially minimize the risk of flooding.
Porous pavements also allow for
considerable water quality improvements
by filtering storm water pollutants when
storm water infiltrates through the
pavement layers.

LITERATURE REVIEW

Mehrdad Asadi Azadgoleh (2022) the
pavement industry has been seeking
sustainable development through recycling
reclaimed asphalt pavement and reusing
other waste materials as replacements for
asphalt mixture constituents. Incorporating
waste material into asphalt mixture and the
presence of pollutants such as exhaust
fumes and gasoline due to vehicle traffic
may lead to contaminants leaching from
asphalt pavements to underlying soil layers
and groundwater aquifers, posing serious
risks to ecosystems and the environment.
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To cast light on contaminant leaching from
asphalt pavements, this article presents a
comprehensive review of the literature that
is divided into four research areas:
evaluation of leaching measurement
methods, leaching from recycled asphalt
materials, leaching characteristics of porous
asphalt pavements, and waste-modified
asphalt mixtures. Moreover, a critical
discussion of bibliometric data, literature
content and knowledge gaps in this domain
is provided to help highway agencies and
environmental scientists address
contaminant  leaching from  asphalt
pavements. Finally, some potential research
directions are suggested for future research
works.

Filippo G. Pratico (2021) Porous asphalts
have supplementary surface and volumetric
properties (e.g., acoustic absorption, drain
ability, texture, and friction). These
properties are linked to intrinsic factors
(e.g., gradation and bitumen content) and
extrinsic factors (e.g., traffic load), while
their evolution over time depends on
complex phenomena and processes that
cause their deterioration and therefore
affect safety, noise, and budget. Despite the
decay of so many and complex properties
over time, there is a lack of criteria to
synergistically optimize the pavement
system. Consequently, the objective of this
study is to set up and validate a design
method that synergistically addresses the
most relevant properties of friction courses
as a part of a pavement structure. The
abovementioned method is based on in-
depth analyses of the literature and on
laboratory and on-site tests carried for
several years in order to evaluate the decay
over time of the main surface and
volumetric properties.

Kun Zhang (2021) Porous asphalt
pavement is a sustainable infrastructure tool
used to benefit urban resilience. This paper
summarizes the design, construction, and
maintenance practices of porous asphalt
pavements (PAPs) specific to cold regions.
It includes discussions on the structural
design considering frost depth and frost
heave of subgrade soils, material selection
and design for adequate freeze-thaw
durability, construction of PAPs in cold
weather, winter maintenance of PAPs for
snow and ice control, and performance
deterioration caused by other winter
activities such as  studded tires.
Distinguished from other review works on
this topic, the major contributions of this
review paper employ case studies of PAPs
to address design, construction, and
maintenance concerns of PAPs in cold
regions. These projects have demonstrated
the success of using PAPs in cold regions
and design practitioners can refer to these
case studies for the new design and
installation of PAPs in cold regions.

Yangjie Qiu (2019) With the aim of
studying the anti-rutting performance of
Thiopave modified asphalt mixture applied
to the upper layer of pavement, the strain-
hardening creep model in ABAQUS finite
element software was used to analyze the
rutting under the condition of introducing
temperature field. Compared with the
calculation results of the rutting of ordinary
asphalt pavement, it is found that Thiopave
can improve the temperature sensitivity of
asphalt mixture. With the increase of
temperature, the rutting change of Thiopave
modified asphalt pavement is smaller than
that of ordinary asphalt. Thiopave also has
a certain degree of improvement in the
fatigue resistance of asphalt pavements,
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which can be applied to sections with high
traffic volume in high temperature areas.
Susanne M. Charles worth (2017)
Pervious Paving Systems (PPS) are part of
a sustainable approach to drainage in which
excess surface water is encouraged to
infiltrate through their structure, during
which potentially toxic elements, such as
metals and hydrocarbons are treated by
biodegradation and physical entrapment
and storage. However, it is not known
where in the PPS structure these
contaminants accumulate, which has
implications for environmental health,
particularly during maintenance, as well as
consequences for the recycling of material
from the PPS at the end-of-life. A 1 m3
porous asphalt (PA) PPS test rig was
monitored for 38 months after monthly
additions of road sediment (RS) (367.5 g in
total) and unused oil (430 mL in total),
characteristic of urban loadings, were
applied. Using a rainfall simulator, a typical
UK rainfall rate of 15 mm/h was used to
investigate its efficiency in dealing with
contamination. Water quality of the effluent
discharged from the rig was found to be
suitable ~ for  discharge to  most
environments. On completion of the
monitoring, a core was taken down through
its surface, and samples of sediment and
aggregate were taken.

Design of porous asphalt pavement with
frost depth requirements

PAP applications in cold climates are
uniquely beneficial for the protection of
permafrost, however, susceptible to frost
damage from the direct introduction of
water into the pavement base structure. The
symptoms of pavement distress due to the
frost damage include frost heave of the
subgrade, significant loss of supportive
strength of the thawed subgrade, and the

consequent performance deteriorations in
terms of cracking and raveling in
pavements. For PAPs, the presence of water
in the subgrade is difficult to avoid and
limits the primary benefit, as the storm
water is designed to infiltrate into the
subgrade that is even likely saturated. The
design of PAPs shall focus on the
conditions of frost-susceptible soils and
frost depth. listed the frost potential of
different soil types, varying from non-frost-
susceptible soil to very high frost-
susceptible soil that should be replaced.
Extreme caution must be exercised to
design PAPs in the areas where the frost-
susceptible subgrade soils exist and
historically cause frost damages for
impervious pavements. To avoid the third
necessary condition in terms of frost depth,
the principle is to design the pavement with
adequate layer thicknesses, including
surface, base, and subbase (if used), to meet
the frost depth requirement. There are two
design guidelines used for PAPs to meet
this requirement.

Porous Asphalt

Porous asphalt pavements offer developers
a new option for managing storm water.
Porous asphalt pavements, used mostly for
parking lots, allow water to drain through
the pavement surface into a stone recharge
bed and infiltrate into the soils below the
pavement. Such pavements have been
proving their worth since the mid-1970s,
and recent changes in storm-water
regulations have prompted many consulting
engineers and public works officials to seek
information about them. With proper
design and installation, porous asphalt can
provide pavements with a lifespan of more
than 20 years and provide storm-water
management  systems that promote
infiltration, improve water quality, and
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often eliminate the need for a detention
basin. The performance of porous asphalt
pavements is similar to that of other asphalt
pavements. And, like other asphalt
pavements, they can be designed for many
situations. Porous asphalt pavements are
constructed in the form of an underlying,
open-graded stone bed that provides
drainage for the water. As the water drains
through the porous asphalt and into the
stone bed, it slowly infiltrates into the soil.
However, the stone bed size and depth must
be designed so that the water level never
rises into the asphalt.

Functional Aspects of Porous Asphalt
Porous

Characteristics of asphalt In terms of
pavement efficiency, factors like A
substantial effect is played by aggregate
properties, mix configuration, construction
factors in addition to climate. Therefore,
asphalt blends same kind binder grade may
be produced vary widely, based on these
variables, in consistency in addition to
serviceability. One of the factors impacting
the output of all other remaining variables
may be the empty material in asphalted
mixtures as nature element. The main
reason of severe binder ageing in PA is high
permeability, high void content relative
thinning of binding aggregates. Compared
to PA-mixes with air vacuum concentration
of 20 to 27 percent, dense asphalt mixtures
are known to non-permeable. The thickness
binder film covering aggregates is thicker
in dense mixes; hence influence ageing
only affects the surface top plate.
discovered that bituminous substances from
lower thick asphalt pavement were almost
identical to binder recovery nearer to road
surface (within 5 mm thick). Related
findings have been published by other
scholars. The thicker the point thick asphalt

mix lower binder viscosity is, found to be at
certain temperature in addition to ageing
time.

Benefits of Porous Pavement

There are numerous benefits associated
with the use of porous pavement. Because
water flows through porous pavement, the
volume of runoff generated during a storm
event 1s significantly decreased or
eliminated altogether. This reduction in
volume results in flood control and reduces
the need for traditional storm water
infrastructure  Pollutants are captured
during infiltration, reducing pollutant load
to local waterways. Infiltrated runoff
recharges groundwater supplies, improves
flow in streams, and reduces the need for
landscaping irrigation. Porous pavement
increases skid resistance and traction on
wet surfaces while also reducing the spray
from passing vehicles and decreasing noise.
Since water infiltrates rather than pools,
black ice does not form and less road salting
is needed. Pavement lifespan also increases.
Porous pavement is included as a structural
control in the South Carolina DHEC Storm
Water Management BMP Handbook.
Because the use of porous pavement
reduces the overall impervious area of site
and therefore the volume of runoff, its
application could qualify a site for storm
water utility credits (if they exist within the
community) and help to meet site
development standards.
METHODOLOGY

The rainwaters were tested using only
asphalt surface layer each model, using
models outside. In this scenario, the rainfall
rate measurements were done. Measures
and experiments were only carried out after
the rainfall entered the boxes through
asphalt layers to a water height of 5 mm or
more. Water samples less than 5 mm high
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have been rejected because the boxes
cannot contain water. The storm water
exhaust samples were obtained manually,
by means of plastic bottles directly from
gutter. The sum storm water collected
depended on extent of the precipitation, but
20 L is collected on average in each sample.
In order to prevent waste, the first few
minutes of storm water is discarded.
Afterwards, rivers from the beginning of
the precipitation were gathered up to 15
minutes, to provide the highest quantity of
contaminating content on the road surface.
The materials are subsequently removed by
the flush and hence less pollutant
concentrations are observed. The analysis
followed up to 30 minutes from the
beginning of the rainfall case, as the
laboratory where the analysis was
conducted was situated in the vicinity of the
collection site. The tempest runoff samples
were spread over the models through a
splitter in the laboratory, simulating the
precipitation dropping over the pavement.
For each rainfall occurrence, the
measurements were conducted separately.
The water content was analysed after it
infiltrated and drained into the plates and
paving models.

RESULTS AND DISCUSSIONS

PH changes and conductivity changes are
presented, respectively, in effluent from the
porous asphalt floor models. After 1 h, the
pH values of reservoir systems loaded with
basalt, basalt and calcarcous waste were
decreased to 5.9, 6.1 and 6.0, respectively,
in the first 48 hours, following an initiall
increase of 0.2, 0.3 and 0.3. By comparison,
in the final 417 hours there was no changes
in the pH level of the basalt and calcareous-
filled effluents although at the end of these
hours, the pH curve of the basalt +
calcareous reservoir was concurrent. In all

sampling activities average pH values in the
basaltic and calcareous reservoir have been
less than in basaltic and calcarious
reservoir, excepting 72-192 hours.
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Graph 1: changes in pH over storage
period

The conductivity ratios Dbasalt+calcare
effluent, basalt and calcareous stores vary
in first 48 hours; some evident variations
have been found inside 'basalt+calcare
stone' storage pool, whereas progressive
changes have occurred in basaltic and
calcareous reservoirs. However, within first
48 hours of conductivity, the levels
displayed a similar pattern of gradually
increasing effluent from all three pavement
versions. The conductivity increase was
larger for porous asphalt floors with
basaltic reserves than for porous paving
with "basalt + calcareous" and calcareous
reservoirs. By contrast, conductivity on
porous asphalt pavement remained stable,
without notable increase or reduction after
48 hours with calcareous reservoir.
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Graph 2: changes in conductivity over
the storage period

Dissolution mechanism aggregate
components may be responsible for
changes in pH and effloy conductivity in
any model reservoir structures. Similar pH
water disparities in basalt calcaire
reservoirs have been documented in
previous investigations. In acidic solutions,
hydrogen ions interchange with
monovalent, bivalent, trivalent ions on
surface basaltic aggregates, forming soluble
trigger complex may improve pH solution
make it ultimate neutral.
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Graph 3: changes in lead concentration
over storage period

In this analysis, pH values for irrigation
water were not greater than 5.5-8.8;
however, levels of 6.5-9.0 within the first
192 hours of irrigation water retrieval were
recommended. It is advised, on the basis of
the findings described above, that the water
drained directly by basalt or calcareous
systems from porous asphalt pavement
should not be used as recycled water.
CONCLUSION

This study summarizes the recent
researches, including field studies and
laboratory experiments, on PAP. The
advantages and disadvantages of PAP are
discussed with the help of completed and
future studies. It suggests that the PAP may
be developed into an indispensable part of
sustainable urban storm water runoff
management system due to its effect in
improving the runoff water quality in the
following several years, compared with the
conventional asphalt pavement. Results
show that there are many reasons related to
its purification ability to runoff water, such
as the type of single structure course,
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materials, aggregate gradation, the dirt
degree of aggregates, and the combinations
of structure courses. More PAPs would be
desirable in future. But in present, the use
of PAP is still limited in some respects, due
to the lack of full study data, engineering
application examples, guidelines,
handbooks or specific regulations that
would provide potential users with a
detailed knowledge about its performance
and behavior in many countries and areas.
More contributions are therefore needed in
design, construction, maintenance, and
repair for the PAP in the future. In brief,
nutrients naturally included in soil water are
more concentrated than those entered soil
using the vegetated beds that exclude the
plant as possible nutrient pollution source.
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