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Abstract—Open Graded Friction Course (OGFC) is a permeable
wearing course mixture that is being progressively used in pavement
surfacing around the world. This special purpose mixture is
characterized by high percentage of interconnected voids due to the
open gradation adopted, which makes the OGFC mixture highly
permeable compared to other Hot Mix Asphalt mixtures. The
improved surface permeability enhances the safety benefits of the
pavement especially during wet weather conditions. This technique of
porous pavement when designed appropriately can also recharge the
ground water in exploited or in critical areas. This paper presents an
overview mainly on road accident reduction and replenishment of
ground water sources, on roads laid with OGFC surfacing. The
paper analyzes the safety benefits of OGFC mixture and the
technique of design and construction adopted for recharging the
ground water sources. Firstly, accident rates on sections of road,
before and after the construction of OGFC were analyzed and it
indicated that the OGFC surfacing benefited in reducing injuries and
fatalities on roads. It was also reported that there was a slight but
consistent increase in accident rates immediately following the
construction of OGFC. But a fully Bayesian before-after safety
analysis reports that the safety effectiveness of OGFC road surface,
or any other safety infrastructure, largely rely on its interrelationship
with the road user and has less influence in road accident reduction.
Secondly, in the present scenario rain water harvesting should be
highlighted, as the demand for water supply is alarmingly increasing.
A porous bituminous surface allows the storm water to percolate into
the deeper soil and helps in its harvesting, when designed suitably.
The synopsis helps the town planners, engineers and architects to
understand the effectiveness of OGFC along with its detriment.

Keywords: Open graded Friction Courses (OGFC) gradation,
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1. INTRODUCTION

Pavement drainage is imperative for the structural and
functional integrity of the pavement components and helps to
mitigate the hazards caused due to the flooding of storm water
on the road surface. Open Graded Friction courses is an open

graded Hot Mix Asphalt (HMA) mixture characterized with
high surface drainability and is being recommended for high-
speed road-corridors, high-volume roads and expressways,
which has become popular in recent years in European
countries, South Africa ,United States, New Zealand, Australia
and many Asian countries like Japan, Malaysia and so on.
Open graded mixes are called by various agencies around the
world like Porous Asphalt (PA) commonly used in European
Countries and New Zealand, Open Graded Friction Course
(OGFC) or Porous Friction Courses (PFC) or Permeable
Wearing Courses (PFC) in the United States and Open Graded
Asphalt (OGA) in Australia.

OGFCs when laid over the conventional nonpermeable
pavement layer, improves the surface drainability, reduces
pavement noise , reduces risk of hydroplaning and wet
skidding, improves night vision and decrease splash and spray
(90-95% reduction), fuel consumption, tire wear and enhances
surface friction, especially in wet weather conditions. Open
graded mixes are composed of high quality coarse aggregates
with little fines and bitumen or Modified bitumen. Due to high
interconnected voids in the mix the rainwater drains vertically
through the OGFC to the underlying impermeable layer and
then moves laterally to the day lighted edge of the pavement
[1]. Uniform grading of OGFC mixtures indicates that
typically 50-60% of the aggregate particles are approximately
of the same size with high percentage of internal air voids and
these mixtures typically have low filler material passing
0.075-mm sieve size, limited to 2-5% of the total mass of the
aggregates [2, 3].Bitumen content is slightly higher than the
dense mixes with the same maximum aggregate sizes to create
a substantial mixture. Modified Bitumen like Polymer
Modified Bitumen (PMB), Rubberized Bitumen - Crumb
Rubber Modified Bitumen (CRMB), Natural Rubber modified
Bitumen (NRMB) and Styrene-Butadiene-Styrene (SBS)
Modified Bitumen, Reclaimed Polyethylene Modified
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Bitumen (RPEB) and Neat bitumen with fibre modifiers such
as cellulose fibres, polyester fibres and mineral fibers,
improves the durability of the mixture and also combat the
draining of binder from the mixture [4-9]. The mixture being a
combination of uniformly graded aggregates with higher
percentage of binder content, tends to drain out from the mix
owing to the gravity during storage, hauling and placing
operations. This phenomenon of draining of bitumen from the
mix and leading to thin film of binder on aggregates is known
as Draindown.

OGFC mix design has to be proof against raveling,
delamination and loss of permeability during its course.
Verhaeghe et al. [9] based on the studies on porous pavements
concluded that aggregate gradation should be such as to result
in atleast 20% voids in the compacted mix. The thickness of
the compacted mixture usually varies in the range of 25 — 40
mm. Stone on stone contact is an essential criteria in the
selection of the aggregate gradation of OGFC mixes. Only
those gradation satisfying the stone on stone contact condition,
that is, voids in coarse aggregate in the dry rodded condition
should be greater than the voids in the compacted paving
mixture (VCADRC > VCAMIX) and with high air voids should
be selected as the aggregate gradation (NAPA).The Optimum
Binder Content is decided based on the draindown value (<
0.3%), Cantabro Unaged Abrasion Test (< 20%), Cantabro
Aged Abrasion Test (< 30%) and air voids (> 18%) [1].The
design of OGFC should be carried out using SuperPave
Gyratory Compactor (SGC) or the Marshall compactor, or any
other suitable form of compaction [10, 11]. The air voids was
found to decrease by 3% to 4%, about one-fifth of initial voids
after construction due to the clogging of wvoids, i.e.
permeability of the mix dropped sharply [12]. A concept of
Double Layer Porous Friction was introduced to reduce the
permeability loss due to clogging. The double layered mix
consist of fine graded top layer and coarser graded bottom
layer [13-15]. Fig. 1 shows the structure of single layer OGFC
over regular asphaltic layer.

Fig. 1: PFC (OGFC) layer laid over the
regular asphaltic layer.[27]

An expansive study on literature revealed that vehicle crashes
are more likely to occur on wet surface. But only few studies
have been carried to identify the safety benefits of OGFC.

This paper draws a brief record of accidents from the various
reports mainly in Texas, United States. Also a brief discussion
of how OGFC can be designed to store the storm water under
pavement bed of parking lots and in low trafficked roads. This
revolutionary technology prevents the stagnation of storm
water and becomes a reserve under the pavement surface. The
design, construction of which is briefly outlined in this paper.

2. QUANTIFICATION OF THE REDUCTION OF
WET WEATHER ACCIDENTS USING OGFC.

In order to warrant the expensive construction of OGFC, a
statistical evaluation of its safety benefits is essential. In the
United States, the Texas Department of Transportation
(TxDOT) is currently laying Permeable Friction Course over
the impermeable pre-existing layer owing to its advantages.
The evaluation included number of sections from across Texas
constructed between 2003 and 2011[16] and they concluded
that OGFC indeed reduces the number of accidents, injuries
and fatalities on Texas roads. The conclusion was drawn based
on the accident data obtained from the Crash Records
Information System (CRIS) compared before and after the
construction of OGFC, also a slight but consistent increase in
accident rates were observed immediately following the
construction of OGFC [16]. A meta-analysis of different
safety studies were performed in European countries [17] to
determine the safety benefits of OGFC. Interestingly the
analysis were that the OGFC estimates of safety effectiveness
were very small and rarely statistically significant. Generally,
the literature on the effectiveness of porous mixes in reducing
wet-weather crashes is limited and often inconclusive. In study
conducted, the safety effectiveness of PFC was evaluated
using a fully Bayesian before—after safety analysis [18].The
following briefly discuss about the fully Bayesian before-after
safety analysis along with its conclusions.

2.1 A Fully Bayesian before-after safety analysis on Texas
roads [18].

In this study, PFC was evaluated for its safety effectiveness
using a fully Bayesian before—after safety analysis. Empirical
Bayes (EB) and Fully Bayes (FB) approaches are the
commonly used techniques for performing before—after safety
analysis [19]. Although for more than a decade, empirical
Bayes (EB) methods have been widely recognized as
statistically defensible safety evaluation tools in observational
before—after studies, EB has some limitations such that it
requires the calibration and development of a reliable safety
performance functions (SPFs) [19]. When a fairly large
reference group is not available the uncertainty in the EB
safety estimates may be underestimated. This is because
standard errors (uncertainty) of the estimated regression
coefficients and dispersion parameter in SPFs is not reflected
in the final safety effectiveness estimate of EB [19]. The
multivariate fully Bayesian before-after safety analysis has
been researched by Park et al. [20], also by many scholars,
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which concluded that compared to other traditional methods
and the EB methods, Fully Bayesian safety analysis provided
precise crash predictions.

In the Fully Bayesian (FB) safety analysis, firstly, road
segments were divided into two groups, roads overlaid with
PFC and non-PFC material across Texas; the non-PFC or
reference road segments selected were similar to their PFC
counterparts in terms of site specific features. Secondly, a
negative binomial data generating process was assumed to
model the underlying distribution of crash counts of PFC and
reference road segments to perform Bayesian inference on the
safety  effectiveness. = A  data-augmentation  based
computationally efficient algorithm was employed for a fully
Bayesian estimation. The objective of these approaches were
to evaluate the average reduction in crashes solely caused by
the treatment (PFC) while the reduction in crashes due to other
factors are ignored. Reference or comparison sites (non PFC
sites) are basically incorporated into before—after safety
analyses to model the crash trends in the absence of
treatments. Any further reduction in crashes in addition to that
observed at reference sites is considered as the safety
effectiveness of the treatment with PFC. The conclusions of
the study are provided below.

2.1.1 Conclusion of the study [18].

The findings of the fully Bayesian before-after study on Texas
road segments were in agreement with the findings of the
European studies, that the porous mixes did not exhibit the
anticipated performance in safety levels under wet weather
conditions. The hypothesis that the PFC treatment on the roads
is effective in crash reduction has not been accepted, which
reveals that the PFC treatment is not effective in reduction of
accident. The study suggests that the safety effectiveness of
the PFC surface mainly depends on its interrelationship with
the road user and the safety infrastructure. It was observed that
the road user tends to speed up on PFC road surface when it
rains, because of the reduced splash and spray and the riding
quality it offers. Thus the treatment is only effective when
speed regulations are strictly imposed to maintain reduced
speed limits under severe rain.

‘ I =
. ‘}.. _ .

Fig. 2: OGFC surfacing on left lane (reduced splash and spray)
and right lane without OGFC [28].

Even though results of the study on the safety benefits were
not favorable, the author clearly mentions that undoubtedly
PFC improved the Level of Service under severe rain allowing
road users to drive at the posted speed limits. In addition to it,
the environmental benefits of PFC is excellent as it reduces
the road noise and improves the run-off quality of the rain
water, these qualities attract the engineers to continue using
the PFC mixes. The Fig. 2 shows the effectiveness of the lane
with PFC treatment in reducing the splash and spray.

3. OPEN GRADED FRICTION COURSES FOR
STORM WATER MANAGEMENT

Traditionally pavement surfaces are designed such as to allow
the rain water and runoff to flow through them till they drain
into the nearby catch basin or into the inlet openings of the
side drains. The concepts of porous pavements prevents the
runoff of the rain water by allowing it to flow vertically
through the pavement structure. The potential benefits of
porous pavements includes water treatment by removal of
pollutants, reduced or elimination of the need of curbing and
storm sewers and it recharges the ground water and the local
aquifers. This technology of porous pavements is used for
parking lots, recreational areas, or low trafficked streets and
roads. OGFC mixes are widely adopted due to its hydraulic
conductivity, high drainability, storm water quality benefits,
reduced runoff and evaporation losses on the road surface [22-
26].

In India, the Jaipur Development Authority (JDA) has used
the porous pavement in a parking lot and it is believed to be
the first ever porous pavement constructed in India for rain
water harvesting. The alarming degradation of ground water
has to be attended by the town planners, civil engineers and
the architects. By the integration of rainwater harvesting
technique in the design of buildings, parking lots and low
trafficked roads, the plunging of ground water can be
minimized. The design, construction and maintenance of
Porous Asphalt (or OGFC) pavements for rainwater harvesting
are mentioned below [21].The typical roof top rainwater
harvesting requires vertical down pipes, a silting pit with steel
screen and a soaking well. The use of these 3 things are not
required when rainwater is allowed to flow into a porous
pavement layer where it get stored in the stone reservoir
below. By the integration of porous pavements in the parking
lots and the rainwater from the roof top, the rain water is
dispersed into porous pavements which gets stored in the stone
reservoir course below. In the top, Porous Asphalt layer of
thickness 50-100 mm (typically 75 mm) is laid, below which
is a stone choking layer, stone reservoir course, non-woven
geotextiles or a stone filter course and all of these is laid over
an uncompacted natural soil subgrade. Fig. 3 shows the typical
cross section of Porous Asphalt pavement system.
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Fig. 3: Typical cross-section of Porous Asphalt pavements for
rainwater harvesting [29].

3.1 Design and Construction of Open Graded Friction
Courses

The following are the guidelines for the construction of the
various layers of a pavement to facilitate harvesting of
rainwater [21].

e The in-situ soil is recommended to have permeability
infiltration rate of 12.5 mm per hour. However, the
infiltration rate of 2.5 mm per hour is also acceptable,
where the thickness of the stone reservoir course should
be suitably increased.

e Primarily soil investigation should be carried out by
boring and/or test pit to determine the permeability, the
depth of high water table and the depth to bedrock.

e The construction site should be not selected where the
local soil is clayey, when bedrock is close to pavement,
when location has high water table and should not be
constructed in areas with blowing sand. That is, the
adjacent ground should be either paved or covered with
grass.

e Subgrade: The subgrade should be an uncompacted
natural soil bed i.e. it should not be filled up land. The
soil bed should be preferably flat, slope of the natural soil
bed should be limited to 5%. Care should be taken to
avoid the compaction of the subgrade soil by the
construction equipment.

e Above the uncompacted subgrade a non-woven
geotextiles is used as a separation layer, so as to prevent
the choking of top layers due to the migration of subgrade
soil. Alternatively, 75mm thick stone filter course
consisting of 10-25 mm size aggregates can be laid above
the uncompacted subgrade.

e Next a stone reservoir course is laid over, which consists
of clean, uniformly graded 40-75 mm size crushed

aggregates, typically of 225 mm thick. The crushed
aggregate compacted layer should contain more than 40%
voids to accommodate the intensity and the amount of
rainfall prevailing in the region and the thickness should
be increased if additional water from rooftop or from
adjacent dense surfaced roads is to be stored.

e Above the stone reservoir course, a stone choking course
is laid so as to stabilize the stone bed and to facilitate the
paving of bituminous layer over it. A 25-50mm thick
choking layer with 12.5mm nominal size aggregates is
used to fill the open spaces in stone reservoir course.

e Finally the Porous Asphalt pavement is laid over the stone
choking layer. The pavement surface is designed based on
the guidelines of the US Manual on Design, Construction
and Maintenance of Open Graded Friction Courses
(OGFC). The mix should provide the required hydraulic
conductivity so as to allow the storm water to freely enter
into the bottom layers and allows to percolate into the
subgrade (natural soil) finally.

The ponding of rainwater on the surface is rapidly reduced by
the use of porous asphalt pavements. Thus many agencies
around the world use this technology in parking lots, low
trafficked roads and streets and in recreational areas. There is
hardly any evaporation loss of the storm water and also the
water gets filtered during its course down to the subgrade,
removing the harmful contaminants from the storm water. The
rooftop rainwater harvesting systems when integrated with the
porous parking lots or streets, the need for deep bore wells or
deep pits are eliminated. The Central Ground Water Board
(CGWB), in India, has identified about 800 regions where
ground water is plunging at an alarming rate. The regions
included areas in Rajasthan, Madhya Pradesh, Haryana,
Punjab, Gujarat, Bihar, Tamil Nadu and Delhi. The Ground
Water Advisory Council on Artificial Recharge under the
Ministry of Water Resources recommended to recognize
technologies for ground water recharge for urban areas. The
Public Works Department of the various states should attend
to this problem with prime importance.

|
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Fig. 4: General view of Porous Asphalt pavements (right) and
dense asphalt pavement (left) during a monsoon season [21]

The design of the Porous pavement for replenishing the
ground water tried by the Jaipur Development Authority
(JDA) in a parking lot was found to be successful. The figures
4 and 5 are the photographs of the parking lot employed with
porous pavement along with dense asphalt pavement section
in one side, constructed in Gandhi Nagar Railway station in
Jaipur.

Fig. 5: Water from a tanker hose penetrating
directly porous pavement [21].

4. CONCLUSIONS

An overview on the effectiveness of Open Graded Friction
Courses in road accident reduction and in the replenishment of
ground water sources could give us an idea of how this special
purpose surfacing course can be utilized for safety benefits
(Risk reduction) and for recharging the depleting ground water
sources. The studies on the safety benefits of OGFC mixes
concluded that its utilization did not reduce any accidents
effectively when compared to the roads without the OGFC
treatment, even though the treatment has many advantages.
The studies suggests that the safety effectiveness mainly
depends on interrelationship of the road user with the
infrastructure. These pavements has the potential to minimize
the road accidents but certain measures (law enforcements)
has to be adopted suitably based on the area and the
characteristics of the road user. The studies also suggests that
OFGC pavements can be suitably constructed to serve the
purpose of storm water management. The design and
construction of the porous pavements should be carefully done
so that the water do not get stagnated in any of the layers
below.
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