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Pavement Engineering- pavement management

Pavement Materials

Pavement Design

Pavement
Construction

Pavement
Management

Pavement Research

Classification, quality assurance testing
(specifications), material design

Design of Structural layers for New Pavements and
Pavement Rehabilitation

Assess in-situ pavement material properties and layer
thickness

Construction practices of New Pavements and
Pavement Rehabilitation including specification
development and quality assurance

Monitoring Post-construction condition, timing
preventive preservation and rehabilitation
treatments, and economic analysis of
alternatives

Research to improve all-of the above




Why do we need to "Manage” our Pavements?

o To preserve our infrastructure value

v Key component of the asset
Management

o To develop “optimum” pavement
preservation and renewal programs

v Better Use of Available Resources

Okay ,
Maybe We
Can’t Let it
Go for a

Few More

o To provide a level of service thatthe = =

user considers appropriate
v State of Good Repair




Pavement Maintenance Management Basic Questions

-Where ?

Where to maintain my pavement network

- When ? e — \

When should be maintained ;m;;;;;:; s\\\;;\\ v ; i 4 ‘
== \h—» ' 'le "9/;’””5‘:"‘9:\\ 1)
P EESRTRTE ) 0 \/mz/s9

- How ? @/2926

How it should be maintained 8 ka7 - 2 X -
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Airports Pavement Management System- understanding

A Pavement Management System (PMS) is designed to
provide objective information and useful data for analysis so
that Airports Pavement managers can make more consistent,
cost-effective, and defensible decisions related to the
preservation of Airport pavement

anagement !




Airport Pavement Management System- Theory

a An airport’s Pavement Management
System (APMS) not only evaluates the
current condition of the airfield
pavements, but also predicts its future
condition.

O By projecting the rate of deterioration,
a life cycle cost analysis can be made
for various maintenance alternatives.

O Determine the optimal time for
applying the best alternative.
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Airports Pavement Management - Subsystems

« Goals & Policies « Condition Assessment
o Performance measures o Deterioration modeling
o Budget o Performance modeling
o Guide analytical

process « Alternative Evaluation

o City specific o Trade-off analysis

o Cost/benefit analysis
* Inventory / Data | Y

Collection

o Life Cycle Cost

. Risk Analysis
o Network Definitior. © y

o NDT and inspection e Selection and

o Storage / retrieval iImplementation
o Analysis (GIS, GPS)

 Monitoring / Feedback




Pavement Management System — Business Process

STRATEGIC ANALYSIS

[ INFORMATION ] i
AN ACISUENU Goals & Policies
@ Performance < BUdg_et
/Economic / Social & Allocations — — — —
— — — — — Environmental r- PRODUCTS
r DATABASE | x . | |
( |
I l‘_’L CONDITION J—I—: (" NETWORK-LEVEL ANALYSIS ) : NETWORK-LEVEL I
& TOOLS REPORTS
n'd
I O 4 ) I I |,| conpbiTiON 5’\222‘;;22‘,?59 I
& ‘_I‘{ USAGE 11 | L ASSESSMENT b J|>| Network Needs Facility
> 4 Life-cycle Cost
I z | | I PRIORITIZATION Optinized M&R I
= I |, 3 / OPTIMIZATION I . |
I I { MAINTENANCE | .| PERFORMANCE }_ G LN I
— STRATEGIES | I 1| PrEDICTION ' :I Budget I
\ \_\+ I PROGRAMMING \/ I
\ I Y (PROJECT
\ L NEEDS J SELECTION) I
| FeEEdBack | [ SR || e |
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/ | | |
PERFORMANCE PROJECT
MONITORING LEVEL -
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Pavement Definition and Inventory

_ /Users/JenniferRoberts/Desktop/X-Plane 10/Custom Scenery/Orthophoto testing with KOJC/earth.wed.xml| ]

O Create a database of all airfield e i
pavement: 0

G MIRL v ) LEfiEINon-Pre... v [ MMALSF D 35 None
8 |V world
Y KOJC Johnson County Executive
18/36
(9} 155UD480005_201203_0x3000m_CL 1.jp2

 Runway — —
.« Taxiway, -
« Apron s s
« other aircraft movement areas E .

A Provides a basis for
development, and maintenance

program.

budget

+38.849475 094.746275

—

Longitude 2

Class

Locked

Hidden

Width

Surface

Shoulder

Roughness

Centerline Lights

Edge Lights

Distance Signs
Displaced Threshhold 1
Blastpad 1

Markings 1

Approach Lights 1

TDZ Lights 1

REIL 1

Displaced Threshhold 2

-94.737625
Runway

50.00
Concrete
None
0.25

v
MIRL
v
0.0
0.0
Non-Preci...
None
X
None
0.0
_—
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Pavement Definition and Inventory — Pavement Inventory

4 5 6 Runway i 8 9: 10

= Airport Name

» Feature (Runway , Taxiway , Apron)

4

agas |
g . Aircraft Stands R 5 1 Runway Lighting 10 Stopway
u F e atu re I d e ntlfl Catl O n N u m b e r . Ramp ) | N » ” 2 De-lcing-Area 11 Holding Position
L ! ! = = 2 = 3 Pre-Threshold 12 Edge Marking
. I \ v 7N 2N | l * L ) 4 PaPI 13 High-Speed Twy
» Length and Width e e | o i
- Torial 16 General Aviation Terminal 6 CenterLine 18 Fire Station
- Parking Deck I Asphalt 7 TouchdownZone 4B Airline Service
u P ave m e n t Ty p e S t r u Ct u re Sl enie § . . A7 48 Concrete 8 Aiming Point 47 Bus Stop
) T Raivay Staion I Feciltes 9 Threshold 18 Taxi Stands
Froperties ‘ Conmuns; rammes )

.
u S h O U I d e r I yp e an d WI dth Bl | 0-005E CORNERSECT  To o FRONT AR CARGD
Surface Type FCC || et F - Last Constr. 67141382

Date:
Length Width:
. eng 117.35 ! 59.74 bl
. M a r kl n g Calc. Ares; 7010.46 Area Adjustnent: ,07 Sirghd True Area 701048 Sirghd
Slab Lenigth 457 fidth: 381 1
(Twnl:
Total Slabs: 02 Joint Length 3,373.36 14
Category: « | Zone = Lanes/ Spaces: g
Shoulder: ~ | Street Type: l—Ll Grade ]

Comment: |

User
Defined »

Finlrn
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Pavement Definition and Inventory - Traffic History

0 Number of daily operations and e
type of aircrafts using the — [ER2_ | sewwiw o 1m o

Extemal Livay ~——_A380-800 1,239,000 300 0.00

pavement . vy Arcroft | BZTBOO—__ | 174700 | 2000 0.00

z B747-400 _ L 400 | 000
SnglWhi-3 = B747-400ER 913,000 m 0.00
v B757-300 271,000 1.200 000 —
SnglWhH125 B767-400 ER_ 451,000 800 oo
h I H Sngl Whi15 R777.20N FR [ 777 nnn 1 0nn " nnn AFI
0 necessary  when  analyzing o s .
ngl Whi- =
probable  causes of the ek v B e
Dual Whi-10
: : Dual Whi20
deterioration and when to ey = o] [aenie]

consider  alternatives  M&R
procedures.



Pavement Definition and Inventory - Structural Inventory

0 Mapping the airfield pavement
structural composition (material and
thickness), @ subsequent  overlays,
rehabilitation, etc.

0 “As-built” records should provide this
information; or coring of the pavement

section
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Pavement Definition and Inventory- maintenance history

a History of maintenance performed and

associated cost ™ provide valuable information
on the effectiveness of various maintenance
procedure on the different airport pavements’

O The cost of each maintenance project
necessary when performing lifecycle analysis.

its

(4

IS

Date:11/06/2016 Work History Report 1 of 21
Pavement Database.
Metwork: 00001 Branch ACARG (AFPAON FOR AIR CARGD AREA) Section: 01 Surface: PCC
L.C.D.: DE/01/1982 Use: APRON Rank: F Length: 117.35 M Width: 59.74 M True Area: T7.010.46 Sah =
Work Work Work rhickness | Major
Date Code Description Cost { mum) mag | Somments
D6/011882 | UNKMNCWN LIMIKWNOW M True
Matwork: 00001 Branch ACARG (APRON FOR AIR CARGD AREA) Section: 02 Surface: APC
L.C.D.: 080171874 Use: APRON Rank: P Length: 0.00 M Width: 0.00 M True Area: ©.693.94 Sah
Work Work Work Thickness | Major
Date Code Description Cost { ) mag | Comments
06011874 LIMEMCWIN LI WO N True
MNetwork: 00001 Branch ACARG [(APRON FOR AIR CARGO AREA) Section: 03 Surface: PCC
L.C.D.: 08/01/1889 Use: APROMN Rank: P Length: 0.00 M Width: 0.00 M True Area: 10,033.53 Sah
Work Woark Work Thickness | Major
Date Code Description Cost { mm} MaRg | Somments
08/01/1989 | UNKMNCWN UMKNOWMN Trua
Metwork: 00001 Branch AFRON [APRON FOR MAIN TERMINAL) Section: C01 Surface: PCC
L.C.D.: 0S/01/1972 Usa: APROMN Rank: P Length: 128.07 M Width: T4BE M True Area: 10.310.84 Sah
Work Weark Work Thickness | Major
Date Code Description Cost {mm) | msp | Somments
08/01/1872 | UNKNCWN UMKMNOWM
Network: 00001 Branch APROMN (APACHN FOR MAIMN TEAMINAL) Sectlon: CO02 Surface: PCC
L.C.D.: 08/0171872 Use: APRON Rank: P Length: 9006 M Width: a1.44 M True Area: 9.058.05 Sah
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Pavement Definition and Inventory- pavement definition

A Network (individual airport)

d Branches (Runway , Taxiway ,

Apron )

[ Sections (Location , Construction§&sas

type , Maintenance History,

Traffic

, condition )

Section

54321"1“.

Sample Unit

g

i = <

SECTION 1

]
h

SECTION 2

30100020309099809030003003003003003000000CEENEECEEENRNENON0CELCECEEECECERLEDGEOCEOCEOCLLEERONNI0a000ECOo0EE00000000N00CENRONENOUE0RRAN00aNd0ECINC00UNONN0Nno0aInaEEaI3330000000030000030200RE0Ea00c0EE000f

(/13100020000030800030003001001003001000000CCCCCCCOEENR0EE@NNCECDECEEEDELCOECOGCOCEEEEDCEEECEO0000000C000 ER000E00Ra0EEEORO0RO0NE0EE0000Ea00e0aAR0ORaEAda0000a00aEE0333300000000I00000I0900000aaaacacEaant:
00 TG

Pavement Section Sample Unit | Subdivision
Designation Number Number
R1634 02 03 C
Runway 16- Section 02 Sample 3 Central
34
Branch ID Section ID

16
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Pavement Definition and Inventory
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Airport Pavement Condition Survey

Assessing the current
pavement condition of the
Analysis Sections

= Basis for the performance
and economic analysis.

= Maintenance Programs

= Assess the state of being,
or readiness for use .

- elpgis_shp-Maintenanc

[ DoMNothing

B StopGap

=] Preven tive

| Global MR + Prevertive
[~ Glabal MR

W taior Asbove Critical
B Maior Below Critical

| - elpgis.sl aintenance

K

Determining the “health’g
of the network

7
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Pavement Condition “Quality measures and Performance Indicators

e Physical Distress
Condition (PCI)
e Service and User Roughness
Perception (PSI, IRI)
e Structural Integrity L_ Deflection
/ Load-Carrying Capacity == s (FWD)
e Safety and ;*“*“m\ f;,\,ﬁ,;ﬂ WJM Friction (FN)/
Sufficiency 4 Macro texture
e Pavement Layer Pavement

Structure Subsurface




Pavement Condition Survey- pavement surface distresses

Surface of the pavement is evaluated
manually, or automated equipment
to identify:

A Type of distress

Q Severity.

d Quantity or extent of distress present
on the pavement surface.

ble Pavement

x
Pavement Condition Survey Data Sheet for Sample Unit

uuuuu

Secton 1O

Isamzve Tnt

Ao o
sampie

20
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23

24

2
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SECTION 3
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Pavement Condition Survey - Pavement Condition Index

Standards:

O Federal Aviation

Administration’s (FAA's)
Advisory Circular (AC)
150/5320 -6E, Airport
Pavement Design and
Evaluation

ASTM D5340 - 12:
Standard Test Method for
Airport Pavement
Condition Index Surveys

Distress

type

1|8

Distress
quantity

PCI

il

Distress
severity

Simplified
PCI Colar
Legend

ASTM PCI

Color Legend

PCl
Range

86-100

PCI Ratings and Definition

GOOD: Pavementhas minororno
distresses and should require only routine
maintenance.

71-85

SATISFACTORY: Pavement has scattered
low-severity distresses that should require
only routine maintenance.

55-70

FAIR: Pavementhas a combination of
generally low- and medium-severity
distresses. Mear-term maintenance and
repair needsmay range fromrouting to
majar.

41-55

POOR: Pavementhas low-, medium-, and
high-severity distresses that probably cause
some operational problems. Mear-term
ME&R needsrange from routine to major.

26-40

VERY POOR: Pavement has predominantly
medium-and high-severity distresses that
Cause considerable maintenance &
operational problems. Nearterm M&R
needs will be majar.

11-25

SERIOUS: Pavementhas mainly high-
severity distresses that cause operational
restrictions; immediate repairs are needed.

0-10

FAILED: Pavementdeterioration has
progressed to the point that safe aircraft
operations are nolonger possible; complete
reconstruction is required.
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Pavement Condition Survey - Pavement condition index

¥
[

[

SECTION 1

SECTION 2

TAXIWAY

2000M -
SECTION 3

A
s 16L
G

/

Pavement C)Zz/fndition Index (PCI)
Runyvay: 16L/34R
Section PC7/ Index | Rating Legend
No.
1A Sé Very Good - Very Good
I:I Good
1C 68 Good
2A 75 Very Good - ‘ pores -
2B 62 Good
2C 72 Very Good
3A 61 Good )
3B 50 Fair )
3C 64 Good
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Pavement Condition Survey - Pavement Roughness

O Runway roughness evaluation to be carried
out in accordance to the guideline by the
FAA Advisory AC no. 150/5380 -9

» International Roughness Index (IRI)
» Boeing Bump Index (BBI)

Computer

\P\\'«' ” 14
|, Inertiad ey
Reference: A "/(';:' N :
¢l L [ { ( T——— M
-.\ \ __’.-‘f’#‘\?:__‘
B .,,,—-m\ﬂ@<: % F .
p ,—j \\~w— I
N Jrimfele et N
o / Accelerometer: A

2. Height relative to reference
(laser, mfrared. or ultmsonic sensor

i
iEL
i

- IIJJJI L — m*l L
FARTA (18,0 0 PART 2A 2810 r ,-| |,\ ® PART 313,31
MR
| H
TANWRY
980 Boeing Bump Indes
| | I | J |

m:ﬂ““‘u I 'wwwwmmw

Hundreds of Metess

bt 28750

Longitudinal
Profiles

Lateral
Profile
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Pavement Condition Survey- skid Resistance

O Assessment of the
Coefficient of
Friction of the wet
Pavement Surface .

[ Evaluations to be
carried out in
accordance with the
FAA AC 150/5320-

12
_—- J.Ilill L Illl Lag
| ARTH (14, E:I ART 1024 1B || l:::l ART 334,
4
| I |
AN VRY

[
250m 1-

E.?;

hani

R

Avg. WE : : ‘ — : : ‘ . . ‘
Speed " 66.69 6282
1 1 1 1 |

lllllllllll
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Pavement Condition Survey - Structural Capacity

A Falling Weight Deflectometer (FWD) , to
measure the vertical deflection response of a
surface to an impulse load.

[ Calculate pavement properties :

O Bearing Capacity

d Layer Thickness ﬂ_.
A E Moduli

O Expected Surface Life

ASTM D4694-03 Standard and ’
FAA Advisory circular 150/5370-
114 = ]

HaziMemny New Madinah International Airport =
prt T—_—




Pavement Condition Survey- Pavement layers

GPR in Airport Pavement Management System:

dThickness of pavement layers
dReinforcing steel

Density variations
dSubsurface moisture

Voids

wa.- r-m.wmmcw ————r y -~ wu ’\"W.'”

S e A

Base

Bottom of PCC

' Iﬂ"- A

Bottom of Base
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APMS Performance and Economic Analysis

Prediction Model
= Current Time
100 ==, : Po Noﬂ‘nng
- s ’ ' .
s
” ) I fault Di
x o "
(] Pavement Preservation " Default Distress
T ¢ Model
c -
» -
(7,]
2 * s Triggers
7 Rehabilitaton 3 gg
QO 2 o
Reconstruction s
0 +
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020
Years




APMS Performance and Economic Analysis

Remaining Life Analysis

Opportune Time to Invest

100 v Less Dollars to Fix

L | T~ F3
75 ﬁi

Condition Index

1
1
1
1

20 . More Dollars to

Replacement Threshold E Fix

1

25 j
1
1
i
1

0

0 5 10

Years



APMS Performance and Economic Analysis

Multi Year Treatment Choices and Prioritization

Pavement Condition Index

Existing Performance Treatment 1 in Years X
/ and Z at $ Cost
= -
-~
~
S
Preservation

N\

Trigger Pomtf/o/

Treatment 2 in Year Y
Treatment 1 Rehabllltatlon

at $S Cost

Trigger Point for/ \

Treatment 2 \

Reconstruction '

Age or Traffic Loads



APMS Performance and Economic Analysis

Treatment Types and Costs

Preservation Treatments

Slurry seals $14,080
Micro surfacing $17,600
High-performance thin overlays $45,760
Minor (functional): mill 2 in. and overlay 2 in. $107,430
Major (structural rehab): mill 2 in. and overlay >2 in. $154,106

Reconstruction

Partial $422,400
Full $689,920
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APMS Performance and Economic

Decision Trees/Treatment Rules

Do-Nothing

Pavement >=85
Condition

Index >=60 and <8

Pavement Preservation

Not Present

Asphalt
Pavement

Load-Associated
Structural

Deterioration Structural

Present Overlay
Major Rehab

< 60 or below

PCI<=20 Reconstruction
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APMS Performance and Economic

Decision Trees/Treatment Rules

Custom PCI Rating Scale

Do Nothing
To
Routine
Maintenance

Adequate
70-100

Routine
Maintenance
To Major
Maintenance

Degraded
55-70

Non Destructive
Test

Degraded and

Unsatisfactory

Unsatisfactory

Field Test
Require

FWD Skid Roughness
Test Resistance Index Test
Test

d

t 1

I Failed

Failed |I Pass I| Failed || Pass

1
l

Replace
Asphalt Thick
Reconstruct Overlay

Thin
Overlay

Contaminants
and Rubber Mill and Thin
Removal Repave Overlay
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APMS Performance and Economic Analysis

Pavement Network Performance Scenario

Policy Decisions can be based on the average projected condition
at given budget levels for a single asset or for the entire network

B Do nothing M Spend $1 million M Spend S3 million
Good 100
80 /
5 70 / /f
= —
TR
° 40 ~—
30
20 \\
Poor 0 \
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APMS Outcome

“The Most Effective Pavement Maintenance Program Through

Pavement Life Cycle with the least possible cost

Budget
Section | Year | Cost
32 2016 | $100,000
47 2019 | $237,999

Planning and Statistics

90

80 1

70 1

60 -

50

40 A

30
20
10 11

1st Qtr

2nd Qtr 3rd Qtr 4th Qtr

\\

Current and predicted Airports Pavement
Condition

Most cost effective Maintenance Programs

~ clpgis_shp-Maintenanc
[~ Do Nating
M Stonen
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Which Pavement Management System to Select ?

PAVEMENT
MANAGEMENT
SYSTEMS

>

Data Collection
Analyses
Equipment
Maintenance

Sophistication



Conclusion

A There is a need to preserve our airfield pavement network assets
A Asset Management System is a tool for better assets preservation

A There is no system that can fit all, each organization should choose
the system that meets its needs and challenges

It is important to realize that it is not a software but a complete
integrated system

A Feed back and continues improvement
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