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Abstract Airports are vital national resources. Airfield Pavements within an airport
represents a large capital investment in infrastructural development made by a
country. Timely and appropriate maintenance and rehabilitation of such in-service
facilities are essential to provide an all-weather surface for safe and regular opera-
tions of the aircraft. Pavement maintenance is done based on functional and structural
pavement condition evaluation. This paper presents a case study dealing with func-
tional evaluation of airfield pavements of a small sized airport in India. The considered
airport consists of two runway, seven link taxiways, three apron areas and an isolation
bay with different surface types. Present paper reports the methodology adopted for
the functional condition evaluation of the airfield pavements with help of Automated
Road Survey System. Further, the evaluated pavement condition was quantified in
terms of Pavement Condition Index (PCI) as per the ASTM D5340 with help of
PAVER and GIS based software. GIS was used for preparing inventory database and
base maps for the concerned pavements which were then used in PAVER software for
determining the PCI. The airfield pavement network within the airport was divided
into a four-level hierarchy consisting of the network, branch, section and sample.
The obtained PCI rating shows that the overall condition of the airfield pavements
within the considered airport is satisfactory to good, however some of the areas have
distresses that needs to be repaired by localized maintenance.

Keywords Airfield pavement management system + Pavement condition index *
GIS - PAVER

1 Introduction

Air transport is growing manifolds in terms of number of operations worldwide.
As a result of growing air transport, new airfield infrastructure is being developed
worldwide. Airports serves as a source of fast and reliable mode of transportation in
present times. Airfield pavements are a major investment with a new runway typically
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costing between $100 M and $500 M to plan, design and construct, including all the
associated infrastructure [1, 2]. These airfield pavements act as the backbone for
economic development in the region, not only in developed countries but also in
developing countries [3].

Immediately after the construction, airfield pavements begin a gradual deteriora-
tion attributable to weather and loading. With higher deterioration when pavements
are in poor condition, the maintenance cost would increase manifolds as compared to
pavements in good condition [4]. Airfield Pavement Management System (APMS) is
employed for assisting the airport authorities in effective decision making in Mainte-
nance and Rehabilitation (M&R) of pavements. Collection, assessment and reporting
of present pavement condition are some of the major tasks to be performed while
developing an APMS. Condition assessment of airfield pavements is done based on
condition indicators obtained from visual distress survey. Visual distress surveys are
usually performed by walking (Foot on Ground) or windshield method consuming
time and labor.

This paper presents a methodology adopted for condition evaluation of the airfield
pavements in India using Automated Road Survey System (ARSS). Use of ARSS
for condition surveys of highway pavements is accepted worldwide but use of such
techniques for airfield pavements is not widespread. One of the best practices in the
state of the art in airport infrastructure management is maintenance management
with a combination of Global Positioning System (GPS) and Geographic Informa-
tion System (GIS) Technologies [5]. The work reported within the present paper
incorporate both GPS and GIS for the functional condition evaluation of the airfield
pavements.

APMS provides a consistent, objective and systematic procedure for establishing
facility policies, setting priorities and schedules, allocating resources, and budgeting
for pavement maintenance and rehabilitation [6]. APMS is widely used techniques
for planning and assessment of airfield pavements around the globe [3, 7-10]. APMS
uses the concept of Pavement Condition Index (PCI), Foreign Object Damage Poten-
tial (FOD Index), Structural Index and Friction properties of Airfield Pavements for
condition assessment [11]. Determination of PCI is done based on pavement surface
distresses as specified in ASTM D5340 [12]. FOD Index is determined based on
subset of distresses mentioned in ASTM D5340 and can be calculated using the
PAVER software. APMS as reported in different articles [8, 9, 11, 13-18], used
FOG visual survey technique for distress survey of airfield pavements, however
FAA guidelines [6] doesn’t lay specific guidelines for the visual condition survey.
Hence, to reduce the time and labor consumption, the present study used ARSS for
condition survey.
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2 Materials and Methods

The methodology adopted for the study make use of technologies like Geographic
Information System (GIS), Global Positioning System (GPS), Remote Sensing
systems in form of Automated Road Survey System (ARSS) and PAVER.

2.1 Airfield Pavement Network Definition

For the purpose of the inspection and evaluation, airfield pavements within the airport
are divided in a hierarchical structure of network, branches and sections which is
considered to be the first step in establishing a APMS [12, 19]. The inventory data
was obtained from the airport authority. The obtained data was used as secondary data
for preparation of GIS map and classification of considered pavements into network,
branch and section. The pavements within the considered airport were classified into
three different network, one each of runway (RW), taxiway (TW) and Apron (AP).
Pavement within network were divided further into branch and section based on
crust and surface characteristics. Pavement area distribution within airport as per use
and surface type is presented in Figs. 1 and 2 respectively. The inventory GIS map
prepared is presented in Fig. 3.
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Fig. 1 Pavement area distribution as per use
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Fig. 2 Pavement area distribution as per surface type
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Fig. 3 Prepared inventory map in GIS of airfield pavements

2.2 Airfield Pavement Distress Condition Evaluation

Airfield Pavement Distresses and condition were surveyed in accordance with the
methods outlined in FAA Advisory Circular 150/5380-6C and ASTM D 5340—
18 using Automated Road Survey System (ARSS). The procedure is based on the
identification and measurement of distress at the pavement surface.
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Fig. 4 Automated Road Survey System (ARSS) used for survey of Airfield Pavements

Traditionally, Pavement condition surveys have been conducted using foot-on-
ground (FOG) approach on the airfields where inspectors walk on the pavement
sections and collect the detailed distress data [9, 11, 21]. In this study, the pavement
condition surveys have been conducted using Pavement Surface Imaging System
(PSIS) installed in Automated Road Survey System (ARSS).

ARSS used in present study as shown in Fig. 4 is based on the latest survey tech-
niques utilizing Global Positioning System and pavement surface imaging systems.
Using PSIS of ARSS condition survey is conducted while travelling at speeds up to
80 kmph.

PSIS of ARSS involve the use of two pavement cameras as shown in Fig. 4. These
cameras were used to generate the calibrated images (with known length and width)
of the pavement surface. The measurement of various surface defects viz. cracking,
raveling, and potholes was done by processing the captured calibrated pavement
surface images, using the Image Processing software. To fulfill the objective of this
study, emphasize were made on GPS data and pavement surface distress. Some of
the prominent distresses observed in the study are presented in Table 1.

2.3 Preparation of Distress Dataset

As per the ASTM D 5340—18, for the calculation of Pavement Condition Indices;
the pavement area needs to be divided into small inspection samples. The considered
sample area for the flexible pavements was 450 £ 200 m? and for rigid pavements
was 25 £ 10 slabs. Hence, the base maps in the GIS were divided into samples
using small polygons. The ARSS data collected was further processed frame by
frame using image processing technique to quantify the distresses observed on the
airfields in terms of distress type, distress severity and extent as shown in Table 1.
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Table 1 Prominent distresses observed on airfield pavements

Distress image

Pavement surface
type

Distress type

Distress severity

AC Weathering Low
PCC Longitudinal cracking | Medium
PCC Joint spalling Medium
PCC Joint Seal damage High

(continued)
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Distress image

Pavement surface
type

Distress type

Distress severity

PCC

Corner break

Low

The distress data prepared in such a way is a GPS enabled dataset having locations
of distresses in terms of latitude and longitude which was further included in the GIS
database at sample level in accordance with the ASTM D 5340—18. Figure 5 shows
the schematics of the process followed in GIS for preparation of base map.

Fig. 5 Schematic diagram
for distress database
preparation in GIS
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Fig. 6 Representation of condition indices; a Pavement condition index, b FOD potential index
[23]

3 Result

As a part of functional condition evaluation two types of functional indices a)
Pavement Condition Index (PCI) and b) Distress based Foreign Object Damage
(FOD) Potential Index, were determined in the present study to quantify the present
functional condition of the airfield pavements.

3.1 Pavement Condition Index (PCI)

Pavement Condition Index (PCI) as shown in Fig. 6a, is a score from 0 (failed) to
100 (good) that rates the ability of a pavement to perform its function effectively and
safely [22].

3.2 Foreign Object Damage (FOD) Potential Index

The loose material resulting from surface distresses can cause damage to aircraft
propellers and is called Foreign Object Damage (FOD). A FOD potential rating
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scale as shown in Fig. 4b ranging from O to 100 is used to indicate the potential for
FOD problems [23].

In the present study PAVER software was used for determination of PCI and
FOD potential index. Subsequent sections summarize the process of PCI and FOD
potential determination using PAVER.

The distress data at sample level was imported in the PAVER database after
preparation of airfield database. Distress data was imported using inspection wizards
within the PAVER for rigid and flexible pavement sections as shown in Figs. 7 and
8 respectively.
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Fig. 7 Rigid Pavement Surface Inspection Import wizard
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4 Conclusion and Discussions

Pavement Condition Data collection is considered to be the most expensive and time
consuming task in establishing a Pavement Management System (PMS) [24]. To save
time and labor in collecting condition data for airfield pavements, presented study
worked on using ARSS for collecting condition data. Based on inspected sample
data, the FOD Potential Rating and PCI were calculated using the PAVER condition
analysis wizard. Section wise results are presented in Figs. 9 and 10.

While considering Pavement Condition Index (PCI), Runway pavements were
found to be in satisfactory to good condition. While the condition of apron was

FOD Potential Condition Index

FOD Potential Index
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118 ] Fair {(46-60)

N Poor (61-100)

Fig. 9 Observed FOD Potential Index for different airfield pavement sections
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Fig. 10 Observed Pavement Condition Index (PCI) for different airfield pavement sections
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found to be in very poor and poor condition. In case of FOD potential, all pavements
are in fair to good condition as seen in Fig. 9.

The study performed was aimed at the use of ARSS as a fast measure of evaluating

airfield pavements for functional aspects. The salient conclusions that can be drawn
from the present study are as follows:

The use of ARSS and GIS subsequently has greatly reduced the effort for visual
inspection and processing of distress data.

There are several advantages observed with use of PSIS (ARSS) over the use of
FOG approach in the present study including minimum interruption to aircraft
operations.

Earlier the location of a distress needs to be measured from a benchmark point,
using tape and compass method. While in the present study the geotagged images
of pavement were obtained with use of GPS technology in ARSS, significantly
reducing the manual effort.

Use of GIS to prepare inventory and GPS to subsequently mark distressed
locations will further help in preparing spatial temporal pavement condition data.
The use of ARSS, helped in reducing the subjective factor linked with traditional
methods, hence improving productivity and repeatability.
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