Automated Pavement Condition
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on Airfield Pavements in Ireland.
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QUESTIONS:

With airfield pavements subject to increased traffic levels;

* Would the use of an automated pavement data collection

system such as an LCMS, be beneficial on airfield
pavements?

« Could pavement condition index (PCI) surveys be

completed within stringent time constraints and between
flights using LCMS?
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Introduction

The Laser Crack Measurement System (LCMS)
Airports involved in the Case Study

Airfield Pavement Distress identification
Pavement Data Collection

Survey Results and Analyses
= Linear Regression Analyses
= Comparison between manual, HD Video and LCMS derived PCI

Graphical Reporting of the datasets
Summary and Conclusions
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This case study details the use of Laser Crack Measurement System (LCMS)
technology to establish and graphically report the pavement condition on two

major runways at Dublin and Cork Airports, Ireland in 2013 & 2014.

The case study used the following 3 pavement distress identification methods
used to derive a Pavement Condition Index (PCI):

Method 1: Manual surveys
Method 2: Visual surveys using HD, pavement oriented video
Method 3: Laser Crack Measurement System(LCMS)
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Dublin Airport Cork Airport

HD Video Manual
LCMS HD Video
LCMS

* The ‘ground truth’ PCl was taken from the manual survey and both the
Video PCl and the LCMS generated PCl was compared with the Manual
PCI.

" The type, severity and extent of the pavement distress data were
identified from the manual survey, the digital video, and using
automated extraction from the LCMS 3D imagery to populate Micro-
Paver to produce PCl results for both runways.
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Traditionally, pavement distress data has been
assessed and collected manually on foot and a
Pavement Condition Index (PCI) determined
where the:

Pavement is examined by eye

Distress data is measured by hand

All distresses are logged for each sample unit
The runway must close to air traffic
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Disadvantages of Manual Airfield

Pavement Surveys

Surveys are labour intensive

Surveys can be subjective

Airfield PCl survey experience required

Difficulties in making use of short time periods between flights

Weather and light dependence

Safety risks of having staff on airfield pavements

Cost implications involved in airfield closure for these inspections

Developments in automated data acquisition and image recognition
techniques in recent years have allowed automated pavement
assessment using the Laser Crack Measurement System (LCMS).
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The automation of pavement condition surveys has developed significantly in
recent years;

LCMS has been in extensive use in Ireland since 2012

e Collection and processing of 3300 miles of Irelands National Road
Network each year

LCMS has been used by Airport authorities in Ireland to provide high speed

pavement distress data and imagery for runways, taxiways and aprons since
2013/2014 on:

e Runway 16/34 Dublin Airport
 Runway 17/35 Cork Airport
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Advantages of using LCMS to

assess Airfield pavements

The use of Laser Crack Measurement Systems(LCMS) can:

* Lead to more objective identification of pavement
distresses

* Hugely reduce the safety risks of having staff on the
ground

* Reduces the amount of time staff must spend airside

* Collect data from the entire expanse of the runway,
taxiway and apron pavements

* Reduce costly airside closures
* Allows user-friendly graphical displays of data
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The use of LCMS technology allows pavement assessment to be carried out between flights
and reduces airfield closure times.
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Dublin Airport Cork Airport

Largest Airport in Ireland Irelands second largest
Handles on average 20 airport

million passengers per Handles on average 2.4
annum million passengers

Has two runways-main annually

Runway 10/28 and Cork Airports main Runway
Runway 16/34 which was 17/35 was surveyed using
Surveyed using the HD I\/Ianual, Video and LCMS
Video and LCMS methods

methods
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The Micro PAVER system, developed by the U.S. Army Corps of Engineers,
uses the Pavement Condition Index (PCl) to establish pavement condition

A breakdown of pavement classification by PCl scale is:

PCl Rating
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4. AIRFIELD PAVEMENT DISTRESS-
SURVEY METHODS

Manual PCI methodology in accordance with the ASTM Standard D5340
“Standard Test Method for Airport Pavement Condition Index Surveys”

HD Video PCI-Pavement oriented, broadcast quality camera allied to a
high-accuracy Distance Measurement Instrumentation (DMI) and GPS is
used to record video.

Laser Crack Measurement System (LCMS)derived PCl-use of the
automated identification of pavement distress to derive PCl on identical
sample units
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Airfield Pavement Distress

Survey Methods

Laser Crack Measurement System (LCMS)

* A laser-based, high-speed and high-resolution transverse profiling
system-comprising of:

» two downward facing, high-speed line scan cameras

» high power laser line projectors which acquire both 2D images
and high-resolution 3D profiles of the pavement surface.

* LCMS range and intensity data is processed using automated
image/data algorithms to identify pavement distress

* Dynatest Explorer software used to classify and output the type,
severity and quantity of pavement distress data for input into the
Micro PAVER database
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Dynatest Explorer-
Processing software
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Surveys conducted on Runway 16/34 at Dublin Airport and Runway 17/35 at Cork Airport.

The runways were divided into 3 metre (about 10ft) wide sections
which were sub-divided into 100 metre (about 328 ft) long sample
units.

The pavement condition data was collected on both runways during
daylight hours in between flights.

LCMS vehicle mobilised to start points using high-sensitivity
GPS/SBAS Trimble GPS receiver and antenna enabled tablet

The runways at both airports were constructed with asphalt-surfaced
pavements
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Data Collection

Runway 16/34 at Dublin Airport
June 2013

* Runway 16/34 at Dublin Airport was 2072 metres long and 60 metres
wide.

 Divided into 20 no. 3m wide rips(lanes) with 19 sample units in each
rip and totalling 380 sample units in the whole runway.

* LCMS was carried out and processed on all test rips and an LCMS PClI
was completed

* Video PCl was completed and processed on full length of rips D, H, I,
J,K,L, M, Pand S (180 sample units in total)
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Data Collection

Runway 17/35 at Cork Airport
March 2014
* Runway 17/35 at Cork Airport was 2130 metres long and 45 metres
wide.

* Divided into 15, 3m wide rips(lanes) with 21 sample units in each rip
and totalling 315 sample units in the whole runway.

* A manual PCl survey was also carried out to establish ground truth.

» In total, 42 sample units (13% coverage) were manually surveyed
comprising 7 sample units randomly selected in rips B, D, F, I, K

and M.
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6.SURVEY RESULTS AND ANALYSES

Cork Airport Runway 17/35
Sample Unit PCI's for Manual, Video and LCMS Surveys
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Survey Results and Analyses

Dublin Airport Runway 16/34
Video-PCI Vs LCMS-PCI

Rip J Rip K Rip L
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PCIl Averages

Cork Airport Runway 17/35 Dublin Airport Runway
PCI 16/34 PCI

Average Manual PCI of 89 _
Average Video PCI of 90 Average Video PCI of 69

Average LCMS PCI of 94 Average LCMS PCI of 74

All of the above indicated a All of the above indicated a
runway condition of ‘Excellent’ runway condition of “‘Very Good’
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Survey Results & Analysis

Cork Airport Runway 17/35
Manual-PCl Vs LCMS-PCI Vs Video-PCI
Average PCI per Test Rip

B Manual-PCI
W Video-PCl

m LCMS-PCI

Rip F Rip |

Test Rip
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Survey Results & Analysis

Average PCI per Test
Rip

6/4/2015

100

90

80

70

60

50

40

30

20

10

Dublin Airport Runway 16/34
LCMS vs VPCI average PCI per Test Rip

82
I 77
75
71
I |
| I

TestRipD TestRipH TestRipl TestRipJ TestRipK TestRipL TestRipM TestRipP TestRipS
Test Rip

9th International Conference on Managing

M LCMS derived PCI

m HD Video derived
PCI

Pavement Assets | May 18-21, 2015




Using linear regression analysis the levels of agreement
between the PCI results obtained from the following methods
were established:

Manual survey
Video survey
LCMS survey

Statistical regression models were run to test the consistency
of the patterns between the three survey methods:

LCMS PCI versus Manual PCI
Video PCI versus Manual PCI
LCMS PCI versus Video PCI
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e R2 0of 0.746 vs e R20f 0.941 Vs.
Manual PCl in Section Manual PClI
sample units values

e R2 0of 0.940 when e R2 0of 0.825 Vs.
considering Section Section LCMS

Manual PCI values. derived PCI values
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Very good consistency found between the type,
guantity and severity of distress data identified from
the Manual, Video and LCMS techniques.

Hypotheses testing using the F-Test showed there was
no significant difference between the variances of the
three samples for a 95% confidence level.

The R2? values indicate that the regression models for
the automated LCMS is a good model for predicting
the manual/ground truth PCI and video PCI.



ANSWER:

In our view the Laser Crack Measurement System (LCMS)

can successfully automate pavement condition index |
surveys and allows rapid pavement assessment overcoming

air traffic constraints on airfield pavements.
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For information please contact:
PMS Pavement Management Services Ltd.
Ireland
Email: mikejordan@pms.ie
Web: www.pms.ie
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