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Moving Forward >>

CAIT’s Mission

Solving complex, interrelated
transportation and infrastructure
problems, specifically in high-volume,
multimodal corridor environments.

'l'ech Transfer
Advlsory Board

Education Advlsory
Commlttee

Research
Advisory Board



CAIT’s Regional Partners >>

Cornell University

University at Buffalo-SUNY

Rutgers University = Center for Advanced rauingdase State College=SUNY

Infrastructure and Transportation Columbia University

a3 i
Rowan University b New Jersey Institute of Technology
= Princeton University
" Atlantic Cape Community College

Polytechnic University of Puerto Rico

——
[
r Large-Scale . Advanced | Data Analytics &
System Evaluation Technology Solutions Decision Support

Understanding performance Diagnostic, prognostic, Big data, asset management,



Infrastructure Asset Management & Resilience >>
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Infrastru cture Asset Management

» Background
»Recent U.S. Legislation
» TAM Process

» TAM Platforms

» Al Utilization
» Condition Assessment
» Resilience



Global Outlook>>

Infrastructure-investment need to 2030, Advanced economies
%% B Emerging economies

Middle East Africa
Eastern Europe

US and Canada

Latin America

Other emerging
Asian countries

14 Western Europe

India

T
Developed Asia

China

McKinsey & Co., 2015



U.S. Infrastructure Assets Inventory

o

‘J_‘ A~
8.74 milion VTV @R 4 614,390
miles of roadways ~~—~~~-~—J highway bridges
=" 136,900

$7'7 trillion miles of Class 1 railroads

U.S. transportation assets

13 million

transportation-related jobs

5,140

public airports

324

inland & coastal ports

A%
o/

Sources: ml"lon ma]OI’

Bureau of Transportation Statistics Annual Report

2017; Association of American Railroads; mlles gas & 0|| p|pel|nes urban translt ent|t|eS

SeaRates Ltd.; American Public Transportation
Association
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The State of Today’s Infrastructure

I3 $2.0

2017 Infrastructure Grades P——

trillion

Infrastructure
AVIATION PARKS AND RECREATION D+ Grade

BRIDGES PORTS 10+ .
Bl DAMS RAIL 1B

needed

DRINKING WATER ROADS 1]
— S AR T B0 3. 3 P EXCEPTIONAL
ENERGY SCHOOLS 1D+
3 | E 2 — L GOOD

HAZARDOUS WASTE SOLID WASTE C+ kB

INLAND WATERWAYS TRANSIT D- roon

FAILING
LEVEES WASTEWATER 1D+

FUNDING CURRENT
GAP FUNDING




U.S. Expenditure in % of GDP>>
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Percentage of total federal spending
devoted to infrastructure, 1965-2014

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Source: Congressional Budget Office based on data from the Office of Management and Budget and the Census Bureau.



We have decisions to make

FAILURE TO ACT

CLOSING THE INFRASTRUCTURE

% INVESTMENT GAP

FOR AMERICA'S ECONOMIC FUTURE

COSTTO THE ECONOMY COST TO BUSINESS COST TOWORKERS COST TO FAMILIES

TRILLION TRILLION MILLION JOBS




Life-Cycle Cost “Iceberg”

nle life
the

also
osts and
0sts —the
of which
often greatly exceeds
that of the initial capital
costs




condition

condition
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condition

FAIR

condition treatment

P - OR RECONSTRUCT'ON cost per sq yard O
& $40-$80.00
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What is Asset Management?
Data-Driven Decision Maki
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“Transportation Asset
Management (TAM) is a
strategic and systematic
process of operating,
maintaining, improving and
expanding physical assets
effectively throughout their
lifecycle...”

UsDOT



‘ Longer Life Expectancy of Assets

. More Efficient Decision Making

‘ Increased Service to Public

‘ Improved Accountability

‘ Increased Economic Development

‘ Reduced Failure Risk of Critical Assets



Infrastructure Asset Management
. P = E o




Legislations>>

MAP-21
e Each State is required to develop a risk-based asset
management plan for the National Highway System
(NHS) to improve or preserve the condition of the
assets and the performance of the system. (23 U.S.C.
119(e)(1), MAP-21 § 1106)

FAST ACT
* The FAST Act provides an estimated average of $23.3
billion per year for the National Highway
Performance Program (NHPP), which will support
achieving performance targets established in a State’s
asset management plan for the National Highway
System (NHS).




Infrastructure Asse"t Management

> TAM Process
> TAM Platforms
> Al Utilization



TAM Goals and Metric>>

State Defined Performance Measures

Dashboards
= Michigan Performance
; Summary Pavement Pavement Comparison Bridge Bridge Comparison Traffic Safety Maintenance Finance
~Measures
.. ¢ Michigan Bridge Conditions
= Take care of all critical Tronsporttion Asset S
anagement Counci 3
needs =@ «if &
Rregional [EH Conditions Cowgl?l%ns Forecasting
Freeway 95% G OOd or ? Map ;—lﬁ Year | Geographic Area Name : Category
F a Ir 2015 B | state B state of Michigan B Al Bridges [~ ]
@Number of Bridges OToml Deck Area (in sq. ft) Osn'ucmmlly Deficient (SD) Deck Area
= Non-Freeway 85% Good
or Fair
= Reduce the number of /
scour critical bridges
carrying the interstate M Eidges Cood
Bridges Fair

M Bridges Poor

= Reduce reactionary
actions on our bridges

Number of Bridges 11,054
Total Bridge Deck Area (in sq. ft) 68,307,925
Structurally Deficient Deck Area (in sq. ft) 6,144,416

Juntunen, 2018



TAM Primary Components>>

Inspection & Deterioration
Condition & Life-cycle
Assessment Cost Analysis

Maintenance Capital
Management Planning

Inventory

Management

Program Level ‘

Strategic &
Financial
Planning

Prioritization Budgeting

Expert System

| Year 2014 Year 2024

5 Yr Maintenance Plan
(MAP)
Repair Scenarios

/
L

Inspection Sys. + Diagnosis Prognosis Maintenance

Material Plan
Inventory DB aterials (Optional)

GIS (Geographical Information System)

[ Project Level J




Inventory Management
Example - Bridge Management System (BMS)

Inventory

Management

m LTBP Bridge Portal Simpie Search  Advanced Search  Admn m LTBP Bridge Portal Simple Search  Advanced Search

2,374 5,780,200 327
# of Bridges Cumuiative Deck Area(m?) Average Age
N
s 145,300,820 1 38
g Traffic Vol # of Posted Bridges # of Scour Critical
10 crat
: 65 6.5 59 (2.5%)
Average Deck Condition - Average Deck Condition # of SD Bridges
> AN Bridges NHS Bridges
e Count Deck Arsajm?) ADTT Vol. Avg. Age SD-Count D - Dack Area{m?) Posted Scour Critical
Z‘ All 2374 5,780,200 13.578,905 ar 59 196.240 1 38
State 2027 4617.624 (79.9%) 10,768,743 326 57 (96.6%) 192,906 (98.3%) 1(100%) 38 (100%)
(85.4%) (79.3%)
Local 8(0.3%) 124,066 (2.1%) 67,633 (0.5%) 415 0(0%) 0(0%) 0(0%) 0 (0%)
Interstate 2295 5,637,103 (97.5%)  13.331,379 326 54 (91.5%) 188,819 (96 2%) 1 (100%) 38 (100%)
(96.7%) (98.2%)
NHS 2,356 5.755,826(99 6%) 13,552,914 327 58 (98.3%) 194,522(99.1%) 1 (100%) 38 (100%)
(99.2%) (29.8%)
SINALOA 5 2 =5 Non NHS 18 (0.8%) 24,375 (0.4%) 25,991 (0.2%) 382 1(17%) 1,718 (0.9%) 0(0%) 0(0%)
| General | Age & Service [ Structureinfo | Load Rating Inspection Summar
- State Name - Year Built/Reconstructed - Type of Material/Design - Design Load - Deck Condition Rating
- Structure Number - Lanes on/under Structure - Skew - Structure - Superstructure Condition
- Highway Agency District - Average Daily Truck - Number of Spans Open/Posted/Closed Rating
- Owner Traffic - Total Length - Operating Rating - Substructure Condition
- Functional Class of - Type of Service on/under - Deck Width/Type - Inventory Rating Rating
Inventory Route Bridge - Type of Wearing Surface - Bridge Posting - Inspection Date
- Sufficiency Rating - Bypass/Detour Length - Type of Deck Protection - Fracture Critical Details

- Underwater Inspection



Inspection and Condition Assessment
Example - Bridge Management System (BMS)

Inspection &

Condition
Assessment

GENERAL CONDITION RATINGS (FHWA 1!
Description

Not Applicable

Excellent Condition

Very Good Condition- no problems noted.

Good Condition- some minor problems.

Satisfactory Condition — structural elements show some minor deterioration.

Fair Condition — all primary structural elements are sound but may have minor section loss, cracking, spalling or
scour.

Poor Condition — advanced section loss, deterioration, spalling or scour.

Serious Condition — loss of section, deterioration, spalling or scour have seriously affected primary structural
components. Local failures are possible. Fatigue cracks in steel or shear cracks in concrete may be present.

Critical Condition — advanced deterioration of primary structural elements. Fatigue cracks in steel or shear cracks in
concrete may be present or scour may have removed substructure support. Unless closely monitored it may be
necessary to close the bridge until corrective actions take place.

“Imminent” Failure Condition — major deterioration or section loss present in critical structural complements or
obvious vertical or horizontal movement affecting structure stability. Bridge is closed to traffic but corrective action
may put it back in light service.

Failed Condition — out of service — beyond corrective action.




Deterioration and LCC Modeling
Example - Bridge Management System (BMS)

— Deterioration &
‘ Life-cycle Cost

Analysis

ﬁm?mm Swss Wvotsm

[

LTBP Bridge Portal
Data-Driven Tool

(1) Vrsion (Octaber 2015
(V2) Version 2 (Expected 2017) 1400000 i
(FD) Future Development n o i
& 0000 i
g Hoe i i i ]
o om0 i i i I
o AV A UANWAWI I WA  UOUUVAY. W0 1 I A\ beonded
(VZ)[ —— I Bridge Timelines I Data-Driven I NDE Web Manual ] 1983 2003 2023 043 2063 2083 2103
% pipwines s s
200000 Accumulated Life Cycle Costs
oo ) e ][[soenen | |
2 5000
3 e
200000 e s
100000 i ‘ |

1
1083 2003 2023 2043 2063 2083 2103



Maintenance Management
Example - Bridge Management System (BMS)

Maintenance

Management

1988 1998 2008 2018 2028 2038 2048 2058 2068 2078 2088  Time [year]

—— Bearing TN =X IN oS Nt o

— Pavement L e i T T T
and sealing

—— Edge beam, N
guiderail,
parapets
Deck joint

o

g

00:

=|

2 s a

icture concrete
Replacement T
|

!

Superstructure steel
Replacement T 2028 2103

Bearing
Replacement | 1998 2038 2070 2110
Lower bound | 2034 2074

Pavement and sealing

Replacement 1550 2005 I 2020 2035 I 2050 2065 [ 2050
Tower bound 2005 2020 I 2035 2050 I 2065 2080

Deck joint
Replacemant

Inspect

26] Channel-Regrde Channel [, Channel-Regrade Channel Under Bri [, ) -1 o[-
> 27| Gannel-R Debris |4 ChannerR Debris I o m
2 28| Channel-Repair Wasnout: %] Channet-Repair Washouts / Erosion  [] -1 .
3 29| Deck-install Protection Sy |%] Deck-Install Protection System ) 1 @ Il
3 30| Dek-Pich spis->Dck-Repr| %] Deck-Paich spalls-»Deck Repair (Po. 4] -1 o m
[ 31| Deck-Place Overlay ) Dectplace Overiay ] - |m
> 32| Deck-Rehab ) DeckRehab ] 1 |-
Key Name Description Notes Sort Order
53 +J <] Add

- iated Benefit Group
Selected Benefit: [ 1 - Deck Rehab ~

Element Name Cost Per Unit

12 Concrete Deck § 7432

38 Concrete Slab § 7432

Edge beam
Replacement I = 2026 2059 2086
Lower bound | 2029 2056
[ 4005 3053
Guiderail
Replacement 1999 2026 2059 2086
Lower bound 2029 2056
| 3603 Jos2
Parapets
Replacement 1999 2026 2059 2086
Lower bound 2029 2056
| 3608 : > 3055

Drains and scuppers

I 954 2005 16 2027 2044 2055 2066 2077

W Time span for maintenance m— Expected investment costs
X ... Average end of life expectancy



Annual Investments (in millions)

Capital Planning for Bridge Asset Management

Projected Investments Through FY2023

y Pavements

¥+ Bridges

$6.769 billion

Y culverts

$160 7
million

Projected Annual Funding Levels

51500
1200
320 520 %20 $20
$900 = i pass
5600
$558
$300
30
2006 2017 2018 2019 2020 2021 2022 2023
Pavement S Bridge Culvert
Program WY FProgram Program

System

Capital Planning

Capital Planning

(top-down)

cost

> budget
estimat

allocation

Maintenance

Management
(bottom-up)

Replace = =
Capital Planning
T Banchenark - Mo optimiation
B
Emrgng Tech / Big Bridges H -
Spcl Needs § s
& | irler Mucpat
; 7T R e & Ower Budget
1 =4 i' i =OnBudget
: I !- ’
Bridge Allocation o+ .
Program Million $ Vaarl Vmar2 Ymars Yoar 4
Big Bridges 16.0
Special Needs 3.0 Optimize Project Timing to Smooth Owt Cash Optimize Budget Allocation And Reserve
Emerging Technologies 3.0 5 Flaw under Fced Budget |Dynaméc & Flewsble Budget Flanming)
Preventive Maintenance 359 v PR THE e e
Rehabilitation 283 : SR - s .
Replacement 78.2 = 5 Wﬂ:ﬁ_ﬂ-"‘! Eudpet i 5 | H | :::::
/ [ |
E 4 .-"/ IH"'\-\. “ : 4 " E
- S L - = |
a4 - I
2 21 I -
1 y
o4 . . . ol
Teard Veard Veard feard weard eprd Yewr 3 seard



Infrastructure Asse"t Management

> TAM Process
> TAM Platforms
> Al Utilization



r‘I LTBP Bridge Portal Simple Search  Advanced Search

Select Saved Filters... v

Welcome to
LTBP Bridge Portal

Version 2.0

Simple ﬁeamh Advanced Search

Bridge Timelines LTBP Protocols

Feedback

Choose Simple Search

Developed by Rutgers Center of Advanced Infrastructure and Transportation for FHWA under contract #DTFH61-08-C-00005




Major Commercial General TAM Systems/Platforms in the United States>>

AASHTOware

“ -

Asset Optimizers IDS

(Asset Optimizer™, NS« i](s
Bridget Optimizer™, WeEi&Rel[V s}
Inc.)

AASHTOW

etc.)

AgileAssets AgileAssets Inc.

dTIMS Deighton

Project
Bridge
Pavement
Safety

Rail and transit
Road and highways
Water and sewer

General asset
Bridge

Road

Water and sewer

Pavement

Bridge

Safety

Data Visualization
Cross-Asset
Tradeoff Analysis

Pavement

Bridge

Water and sewer
Ancillary Assets

Data management

LCCA and investment planning
Maintenance management -
Safety Analysis

Bridge inspection

Data management (Asset -
Lifecycle Information
Management - ALIM) -
Risk and reliability analysis
Operational analytics

Enterprise Interoperability

Asset management (risk -

based prioritization, budget

planning) -
Preservation planning -

Project management

LCCA and investment planning -
Maintenance management
Safety Analysis -
Bridge inspection

Management operations
(facility, fleet, sign, signal, ITS)

Risk Based Analysis -
Cross Asset Analysis -
Multi-Criteria Optimization

LCCA and investment planning

modeling
Multi-tool integration

Advanced parametric 3D
modeling
Multi-discipline BIM
models

Multi-variate
deterioration modeling
Risk analysis
Multi-objective
optimization

Deterministic
deterioration modeling
Multi-period and multi-
constraint predictive
analysis

Data-driven
Performance curves

- Advanced 3D analysis and

Simple user interface
Powerful software for
both bridge and
pavement

Easy access to data

Mobile capabilities
Manage key asset data
for all disciplines in a
single unified
environment
Modeling capabilities
Multi-Objective
optimization

Custom software
development to meet
user’s needs

Flexible
Customizable
Easy to report/share data

Versatile
Many asset types

- Does not include general
or ancillary assets

- Only assets are bridge
and pavement

- Not user friendly
- System issues
- Data debugging

- GIS software not
included

- Limited GIS mapping
abilities

- Expensive



Major Bridge AM Systems Current Practices in the United States>>

Bridge AM

systems

BrM
(PONTIS,
AASHTOwa
re)

V5.2.3

LTBP
InfoBridge
(formerly
Bridge
Portal)

Bridge
Analyst (&
Bridge
Inspect)

Bridge-
optimizer

Compan
y/Agenc
Yy

Bentley

FHWA

AgileAss
ets

IDS

Advitam

Data management

rating data

Can create SI&A inspection report
Performs as a data warehouse

Slow and complex — not user friendly
Supports NBI and AASHTO element level
condition

Acts as a data warehouse

Mines data from other sources, such as NBI
Manages and maintains massive amounts of
data

Create and manage inspection report
Performs as a data warehouse

Supports NBI and AASHTO element level
condition rating data

Inspection workflow

Load rating workflow

Flag posting capability

Vulnerability Assessment (damage from event)
Post-event Inspections

Supports NBI and AASHTO element level
condition rating data

Can create SI&A inspection report
Automatic scheduling and tracking of
inspections

Supports NBI and element level condition
rating data

Provides access to see and put recommended
repairs for certain elements

Like Bridge Portal, acts as a data warehouse

Deterioration Models

Not data-driven
Elicit-based (user
defined)

Consider only four
different
environmental
conditions

Not data-driven
Inaccurate
deterioration
forecasts

Data-driven

Supervised machine
learning
Multi-variate
inductive approach

Individual

Impact of one
specific
maintenance/repl
acement scenario
Requires cost data
(user and agency)

Multi-period and
multi-constraint
analysis
Short-term work
plans for deficient
bridges

Evaluate different
funding scenarios
Risk levels (multi
objective
optimization)

LCCA / Budget Allocation Optimization

Network

Only limited
number of states
using network level
planning
Top-down
optimization
approach is used

X

Long-term
planning

Create optimized
work plans

Evaluate different
funding scenarios
on network level

— -

Designed to align
with state DOT
business practices
Aligned with other
AASHTOWare
products

Contains massive
amount of quality
data

Simple user
interface

Mullti-year, Multi-
constraint analysis
Generates

interactive reports

Unparalleled set of
features

Advanced analytic
capabilities
Customizable

Stores a large
amount of data

Slow and complex
— not user friendly

Limited modelling
capabilities

No LCCA/budget
allocation
optimization

Expensive

Deterioration
modelling is not
based on historical
knowledge of
trends

Undeveloped
modelling and
LCCA/budget
allocation
optimization

Customers

Washington DOT
New Jersey DOT
Oklahoma DOT

Virginia DOT

New York state
DOT

North Carolina
DOT

Georgia DOT

lowa DOT
Government of
Canada

Maryland DOT



Michigan
Technological
University

Deighton

AgileAssets

US Army
Corps of
Engineers

Metropolitan
Transportatio
n Commission

Comes pre-populated with user’s agency GIS map

Tracks data on physical features

Uses traffic and crash data for safety analysis
Schedule and plan future maintenance activity

Uses PASER rating data

Multi-year prioritization
Built-in charts and reports
GIS map view

GIS/LRS integration

Performs as a data warehouse
Spatial Analysis

Mobile capabilities

Uses PCl rating data

GIS/GPS capabilities

Variety of budget managing tools
Immediate mobile condition data entry
Advanced data collection methods

Uses PCl rating data
Bulk upload of changes
Data input can be difficult

Pavement AM Systems Current Practices in the United States

Data-driven

Used to predict how various
treatment options will
extend pavement life

Data-driven
Performance curves

Based on condition data
Flexible configuration
Multi-constraint Analysis
Long term modelling

Based on pavement
“family” models
Emphasizes use of historical
data

Project maintenance
treatments and costs up to
30 years in the future.

Pavement AM Systems Current Practices in the United States>>

User friendly
Almost
unlimited data
handling
capabilities

Accurate long-
term planning
Versatile

Flexible

User friendly
Easy to
report/share
data

Customizable
Optimized for
large databases

Extensive
reporting tools
Long term
analysis

Limited
budget/investm
ent Analysis
Limited
customizability

Expensive

Limited GIS
mapping
abilities

Cannot analyze
other assets

GIS integration
requires
additional
software

Michigan DOT

Maine DOT
lowa DOT
NJ DOT
Indiana DOT

Texas DOT
Idaho DOT
Maryland DOT

lllinois DOT

SFMTA
Oakland DOT
City of
Patterson



In-house Developed TAM Systems

VDOT Dashboard v3.0
\VDCI bl

Performance  Safety  Condition  Projects  Citizen Survey inance: Management

Stephen C. Brich, P.E

5% Q +5%

‘,‘ SAFETY CONDITION

Highway Deaths Since Quality of Rosd Surface
the Beginning of the Year

FIN. £

DASHBOARD o e

Performance Reporting System for Projects and Programs

PERFORMANC

50%
25% 75%

Chick Here for
Upgraded Metrics
0% 1

3 VDOT MANAGEMENT - |
Management Performance Areas - ‘
TIZEN SURVEY RESULT

PROJECTS

—-00<
mAZPTX0TMIMDO

VDOT SMART SCALE program

250 of 318

DEVELOPMENT

263 of 318

Program Overview

SCALE

3 ONTIME

37 of 47

DELIVERY
Project
Map

s

$ ONBUDGET

38 of 47

o

Program Details
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Al Application to TAM >>

» Utilize "big data” for data-
driven TAM

» Al for integration of context-
specific domain knowledge
and customized machine
learning algorithms to
discover new insights that
are not possible to obtain
via traditional methods.

» Utilize Al to predict track
failure (Liu-2019)



» Condition Assessment

»Advances in SHM & NDT

»Automation & Robotics

»Drones

» Accelerated Testing
Platforms



Recent Advances in Condition Assessment>>

= N
\3' . i&;

Batteries

Speed Controller




Deck Evaluation - State of Practice




Bride Deck Evaluation — State of the Art




A

Deck Condition Assessment Vs. NDE Method

Bridge Deck Condition
Rebar Corrosion Delamination Spalling

- Half-Cell Potential
| i GPR
Impact Echo [T ultrasqnic Echo

Chain Drag/Hammer Sounding I R Thermography
Visual Inspection

Time




mercial Version

1
Wil s R e

RABIT — Com




RABIT — Commercial Version

KEY FEATURES

Smart Operation
Control

Video Control

Laser
Scanner

HD Camera for
Crack Mapping

+ Multiple NDE technologies
* Smart error prevention

+ Autonomous navigation

+ Near real-time processing
» Subsurface corrosion and damage maps
« Two-man operation

+ Accurate location coordinates

Penetrating
Radar

Infratek

Ultrasonic
Surface
Waves

Electrical
Resistivity

' L4 .n‘
SOLUTIONS




Robotic Assisted Bridge Inspection Tool




Winner of 2013 ASCE Charles
Pankow Award for Innovation
&




THMPR (Targeted Hits to Measure Performance Responses)




Rapid Evaluation of Bridge Integrity -THMPR




Targeted Hits for Modal Parameter
Estimation and Rating (THMPER)
awarded the
Charles Pankow Award for Innovation at the
2017 ASCE OPAL Ceremony.

Research Collaborators:
Rutgers University, Drexel University, Federal Highway Administration,
Pennoni Associates Inc., Intelligent Infrastructure Systems




Recent Advances in Condition Assessment>>




Recent Advances in Condition Assessment - UAS>>




Recent Advances in Condition Assessment>>




Bridge Assessment Using Unmanned Arial Systems

815

n9

624

525

423

30.9

138




Structural Health Monitoring System - SHM>>

Moni .‘. ing the Health
and Performance of
Infrastructure

\
Using sensing, simulation and
S information technologies to
S augment qualitative, subjective
inspections with quantitative, %

T objective information .
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Structural Health Monitoring System - SHM>>

Roadway Information : :
Longitudinal Weather Strain Operational
. Temperature Infrastructure Performance
Expansion f’\\ ‘Aﬁ
2 o S = ko (B
~ . e
< DL ~
! | -
- : i : o TTTT s > [==--
A ST -\j{ = =] zi' SO AL AL
= s T o EEEEE CEET R >
TRUSS SPAN ARCH SPAN BASCULE SPAN

A
|
|
I

Center

FIREWALL

~ ﬂ Command




SHM Visualization Portal - Tacony Palmyra Bridge>>

Password

- . | Wy ——— e V" W AR
=
Panoramic Yiew | Bascule/Engineer Yiew | Logout |

Enter Password: Submit

Please Log In

<AL B
.=

I Panoramic Camera View  (© Four Camera Yiews I

@ Dynamic strain gauges o B3 813 Upstream (US)

[ Static strain gauges LT T P S R R e Y
@ Tilt-meter

A Temperature sensor

1
= L:L)
B13 Name of the sensor
Pennsylvania (PA r . .
g - A4S
B13 B3 Upper Chord (UC) rver
\ e X 4 4 ’ New Jersey (NJ)
» v g > - —
— PN -
) o Downstream (DS) Lower Chord (LC) e




Structural Health Monitoring System - SHM>>




W . e g RN
Highlight: The BEAST >>

Specifications
>> Test spans up to 50 feet long by 28
feet wide

- >> Traffic loading cycles with 20to 60
k|ps continuous at 20 mph; 48, 000 e
cycles per day

j_;‘r;z.;,,.a,r:q ling Iemperature

L ' befce'mgm

~— E— > Capable of testing concrete deS'g ‘

coatmgs/sealants superstructure
frames, joints, bearings, and more |

ET ljmﬁgw‘,, E

S
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Figure 3: 25-Year Life Cycle Plan
Real Bridge Scenarios: Bridge £038440

1.2M
F ¥ 2016 Deck Overlay *1.0M
i 2031 Deck Overlay

U Besparirrend of Tiorapodinbion s
Fedecci iy *4.0M

AASHID

Projected Condition Rating

2020 205 2030 2035



Pavement Condition Survey Equipment >>

Falling Weight Deflectometer (FWD)
Measures structural capacity * Relates to
service/durability

= N < Skid Trailer

Measures pavement
friction e Relates to safety

< >

Profiler
Measures roughness, distress,

| rutting, noise, cracking e
| Relates to

_ | quality/performance >

Ground Penetrating Radar (GPR)
Measures layer thickness ¢ Relates ﬂ__

to performance/wear [ ™ =




————

) d (coloured bars)

surfaceqieflectlonxesponse-un A o e ST ;--'ﬁ‘l?“n.rf T ent
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.. ..
|

”w le
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P

|\

4
l
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Effect of Treatment Timing on Costs >>

Deterioration over time and cost to repair

New

Do Nothing

N < $2.00/sq yd

Pavement Preservation

V. »20.00/sq yd

Condition

Pavement Rehabilitation

Poor _
Pavement Reconstruction $80.00/sq yd

Time



Infrastru cture Asset M«anagement

»Build TAM as the basis for capital planning and decision-
making process

» Build toward an enterprise model

» Deploy technology-based solutions for condition
assessment

»Data ™ Information =— knowledge

»Maintain TAM through work-force training
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e Systems interdependency and ® Real-time big data analytics e Large-scale system simulaton © @
cascading impacts © © (loT) @@ ® Recovery objectives for critical assets
® Accurate baseline condition of ® Performance modeling of to establish priorites @ © @
assets @ © @ expected failure rates @@ ¢ Simple, quantitative resilience
® Quantitative asset performance ¢ Predictive event modeling measurements for individual assets
metrics © @ 00 000
® Monitor asset performance and e Elevating/hardening infrastructure @ First response and liabilities training
measure against expectations systems against flooding @ © @ for engineers @ © @
L
] ;\ _ L\
Pre-event | L Event | Post-event |

Excellent
Condition Longer-term recovery

Short-term recovery/restoration e0ceo
System conditionl

| System condition—T

Poor
Condition
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Data Collection Tools>>

UAV-borne Sensing Mobile Lidar

Gong, 2018

Mobile
Phones with
2D/3D

Static Lidar
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Data Collection Projects>>

Large-Scale Deployment of Mobile LIDAR during Hurricane Sandy
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Highlight: Post-Sandy Mobile Lidar Pilot >>
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Tools for Improving Coastal Infrastructure Resilience

Data-Driven Threat Detection
and Risk Analysis for Critical
Infrastructure

Hurricane Damage Modeling and
Prediction

Resilient Electricity Grid: Outage
and Recovery Modeling and
Prediction

Gong, 2018

Risk Communication and
Resilience Visualization

Computational Disaster Debris
and Waste Management



Coastal Building Assessment Tool>>

Prototype Extreme Event Visualization

HIGH speed 25-
50 mph

LOW speed <5
mph
Road

SHUTDOWN

Nazari, 2019




Infrastructure Resilience>>

Turtles are Resilient
Be like them

“It is not the strongest '
that survive, nor the St
most intelligent, but

the ones most
responsive to change”
— Charles Darwin
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Introduction

Pavement Engineering

Pavement Materials

Classification, quality assurance testing
(specifications), material design

Pavement Design

Design of Structural layers for New Pavements and
Pavement Rehabilitation

Assess in-situ pavement material properties and layer
thickness

Pavement Construction practices of New Pavements and

Construction Pavement Rehabilitation including specification
development and quality assurance

Pavement Monitoring Post-construction condition, timing

Management preventive preservation and rehabilitation

treatments, and economic analysis of alternatives

Pavement Research

Research to improve all of the above

72




Pavement Management System Overview

The Basic Questions

NG o - AP
_ o 7/ OKAY, MAYBE
Where ? SO WE CAN'T LET IT Go
FoR A FEW MORE.
Where to maintain my road
network
- When ?

When should be maintained

- How ?

How it should be maintained

/3




Pavement Management System Overview

PAVEMENT MANAGEMENT SYSTEM
Understanding

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

While a PMS cannot make final decisions, it can provide the
basis for an informed understanding of the possible
consequences of alternative decisions.

"A PMS does NOT make decisions, Managers DO!"
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Pavement Management System Overview

PAVEMENT
MANAGEMENT
SYSTEMS

Data
Collection

Analyses
Equipment

Maintenance

Sophistication
75




Pavement Management System Overview

Choosing What’s Right for YOU




Pavement Management System Overview

Definitions

PAVEMENT MANAGEMENT

"Pavement Management is a program for improving the
guality and performance of pavements and minimizing
costs through good management practices"

infrastructure
Management

» DESION

» CONSTRUETION
» MAINTENANEE

» REMADILITATION
- RENOVATION




Pavement Management System Overview

Importance of Pavement Management

>> Pavements deteriorate over time due to traffic/use,
environment, and aging

>> Poor road conditions increase vehicle owner costs
$325-%$700 annually (vehicle damage, tire wear, etc.)

= National average is $333 per motorist totaling $67 billion per year

>> Poor road conditions are a contributing factor in many
roadway accidents

= According to some studies as much as 30% of crashes each year)
>> Good roads cost less...

Prf!’gerpv e oI gs ll'? _};glocP o%gr}%l?rlles;( %l) Cr)r11:asl cyljrg:i%g the health of the

National Pavement Network.
= [f they receive proper preventative maintenance 78
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Implementing an Effective Road Pavement
Management System

Hazim M Abdulwahid , MSC. MBA
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Pavement Management System Overview

Importance of Pavement Management

o TO preserve our infrastructure value

Key component of the asset
Management

o To develop “optimum” pavement
preservation and renewal programs

Better Use of Available Resources

o To provide a level of service that the user
considers appropriate

State of Good Repair
80




Pavement Management System Overview

PMS Levels

NETWORK

BIRD’S EYE VIEW OF NETWORK PAVEMENTS AS A WHOLE.

= CITYWIDE PAVEMENT CONDITION SUMMARY, e

= BUDGET ESTIMATE ’f e
* PERFORMANCE PREDICTION P EE

» Establish network budget requirementy :=.
 Allocate funds to network priorities .
» Schedule MR&R actions




Pavement Management System Overview

PMS Levels

PROJECT

ASSIST DESIGNERS IN CONSTRUCTING,
MAINTAINING, OR REHABILITATING A SECTION OF
ROADWAY

= PAVEMENT PRESERVATION
* RESURFACING OR RECONSTRUCTION
* TREATMENTS OPTIONS ALONG THE PROJECT

Primary objective is to provide information for
specific pavement segments:

*Preferred Maintenance Rehabilitation &
Reconstruction MR&R for each project
*MR&R costs

*Expected MR&R performance.




Pavement Management System Overview

Sophistication
Maps g
| | ‘& St Nodes | Age
® B Main | Birch |8
- Oak
- Jones | Main |3

Computer
Databases

Spreadsheets

Cards
83




Pavement Management System Overview

PMS Subsystems

="Inventory

=Condition - Pavement Evaluation
=History — Initial, Pavement Preservation, Routine Maintenance,
Rehabilitation, and Reconstruction

=Traffic
=Costs Eastern Province Municipality
G1S5-Based Pavement
Management System
= MODEL'NG - ANALYS'S Version 3.0

=Condition Survey
=Performance Predictions
»Performance and Economic Analyses
-Budgeting
-Programming




Introduction

Pavement Management System Overview
Inventory & Location Referencing System
Pavement Condition Survey

PMS Performance and Economic Analysis
PMS Implementation

Case Study

Conclusion




Pavement Management System Overview

Pavement Management as an Asset Management Business Process

STRATEGIC ANALYSIS
[ INFORMATION ] i
MANAGEMENT Goals & Policies
@ System Performance BUdget
Economic/ Social & Allocations —— e —
e E— — Environmental r- PROD CT \
r- DATABASE x ¢ | I
)
I ‘ CONDITION J_L' g NETWORK-LEVEL ANALYSIS h I INETWORK-LEVEL
% /‘ I ' r TOOLS I PerforrFT:E:CSRTS I
I = I || conbiTioN Assessment
= <—I‘[ USAGE l "| AssEssmENT r> Network Needs Facility
I > I I {PRIORITIZATION J 'C‘)';f{ﬁ]yig:fdc,\js;ﬁ
= I |, \ / OPTIMIZATION Program L
| | MAINTENANCE p || PERFORMANCE Performance-based
lﬁ | STRATEGIES I 1"| PrepicTiON Budget =
— "— — I PROGRAI(/IMING : \/
\ I - r (PROJECT
\ \( 7 NEEDSIS J SELECTION) S
FEEDBACK | _ _ - AT “DISPLAYS
l o ——— )
L / | |
PERFORMANCE PROJECT
MONITORING LEVEL | = I
ANALYSIS (Design) CONSTRUCTION JJI
‘ WORK PROGRAM } || eocuvents )
EXECUTION kB
r I I




Content

3- Inventory & Location Referencing
System
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Inventory & Location Referencing System

Reference System

75 M- s |

Mile Point/Mile Post

0 BEedi =

Reference Point/Reference Post

Link Node

Global Positioning System (GPS)

Geographical Information Systems (GIS)




1- Introduction
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Inventory & Location Referencing System

Linear Referencing Systems

State and County Systems

MILE POSTS

START MP 0.0

90




Introduction

Pavement Structures

Flexible Rigid Composite

HMA

Concrete

*lsubbas | Sinsds Subbas
e S8 K
Subegrad AT ’ﬁ Subegrad

«




Inventory & Location Referencing System

Linear Referencing Systems

LINK-NODE

RT 521

NODE 121
LINK 121-231

A+0.0

B +0.0

C +0.0

1.25

Y _____

©)

Referenc
Point

C +1.25

NODE 231

D +0.0
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Inventory & Location Referencing System

Linear Referencing Systems

Street Intersection System

Main street

RT 713

93



Inventory & Location Referencing System

Linear Referencing Systems

Global Positioning System (GPS) LoNe
CITY COORDINATE

SYSTEM - (GPS/GIS)

LAT

Circle of influence

Satellite 2

Location




Inventory & Location Referencing System

INVENTORY

. . W Ve Vo L B e S e
The Network inventory is used to oz,
$ P BP trvmrien + ldrtgen - i
create a database of all local, r== [ AT ERREENERRY
: 1% YT D ] .;'\«\\\\\\
collector, and arterial streets S Y N a.gg\‘:g%
. . . . s ke ' ALY - ‘u/;_ A
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- o ; — % YA (o
government agency. o) SN\ 4 2 \1;;;\\\)@"
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Inventory & Location Referencing System

PMS Inventory Data Collection

- INVENTORY,
- TRAFFIC/LOADS,

- COSTS - Construction, Pavement Preservation, Routine
Maintenance, Rehabilitation, Reconstruction

- HISTORY - Initial Construction, Pavement Preservation,
Routine Maintenance, Rehabilitation and Reconstruction,
(Last Treatment)

96



Inventory & Location Referencing System

PMS Inventory Data Collection

Inventory data Is collected by
reviewing agency hard-copy
files, maps, and databases.

This data should be validated by
an agency-wide field review.

Inventory data is more stable
than pavement condition data
and therefore once determined
requires minimal changes in the
future.
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Inventory & Location Referencing System

Example Inventory Data

Region , City , District

Route Number

Route Type (Interstate, US, NJ)

Functional Class (Urban, Rural, Local, Collector, Arterial)

Length (from-to)

Divided/Undivided Route Section

Pavement Type
Number of Lanes and Widths
Shoulder Type and Width

1 Enstern Province Pavement Manage ment System

Home |Parameters | Archive | Help | About |

Data Enlry | Computations | Browser | Work Flow | Reperts | GIS |

§ [Secton
City [Add | [ Del |

Distress | Special

eeeeee ts

Zone | Add | | Del |

[ — 4175

Area | Add | | Del |
~1 | Asphaltic Layers
Thickness {cl

T 1 T =
Section Information Form 0|1 ¢
: ) cty | -
Wikt (m) a

{

Base Layer Zoom to Selected Area, Road or Section

ir
el
1 ER
4 ||
& :
! 1
e, i ' E
e, ¥
el || i i

{em) Thickness (5 = e R T | R

Road T

[add | [0l | comstructon  [11723/200 <] auboaee - Ubgrade

2| pate
. O it

Section [ Add | [Del | | rrame ciomy Percentage of Trucks
Direction [ise] [Bal] ;:‘ma'p"“ f Samples o be Surveyed Eariisiar
Feature [ Del | Road used by VIPs? [ Road passing thorough CBD? [
Samples (Pavement) ES\T:\ I officialfpublic -] Road has alternative routs for maintenance? m|

| Add | | Cel | !
/7‘ Water Ponding? - Utility Cuts? -

i ‘ Cle: ‘ ‘Qefau\t‘ ‘ Save ‘




Inventory & Location Referencing System

Pavement Analysis Section

Divides the pavement network into sections
that can be used for pavement condition
survey, performance and economic analysis,
and GIS map summaries.

Many GIS for local agencies were developed
based on the “block to block” (intersection to
intersection) limits. These sections are too
short for PMS Analysis Sections.

In most situations, the entire length of the
street is used. Where streets are longer than
those typically used for a single construction
project, the street can be subdivided into two
or more shorter sections; each assigned its
own PMS Analysis Section number.

Features and Direction =01020140260010101
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Inventory & Location Referencing System

Pavement Analysis Section

2. $ection Numbering
Arazs = 0L mm

Table 1* Fizld Descrptan
Cly Zone | Arsa | 2wl 1 Setion | Okediorn | Seature \
D 1 o]z|op]:]alp]z2 slo]Jol1[p x| o]

3 Z I L G v [T T T 51 P T
Evormia:  Secton da - 01020140260010101

& ThisSashan Ho. reareaent a sechar par of azd #0206 lcared Ie aros 2012 whis islac
inzide cone dd2 ol iy 401 35 shown in G213ils by the 1ollowing lipures

(=] -U{DZDHD?DJDI:{."]‘.

Y OIS0 1N

irection = D10231102600
Features and Direction = £15223110260210101 B. Intorsactions

Sazliue uT K Ll

Zume =01022110260212121 pd MA2I1407601 30120

,h ' ;ﬂ_z;_l N |
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Inventory & Location Referencing System

Example Inventory Data

Defining ANALYSIS Sections/Segments
Homogeneous Sections

D. Local Streets, Utility Streets, Sidewalks and Median

- Change in pavement type .
o

« Change in pavement structure

« Change in traffic g
« Geographical of political boundaries ' '| S sectent
« Change in pavement condition e

¢ Section Numbering
Geographic or man-made boundaries may Eign 1 .““’ o?“ﬁu{ e
offer or force section limits: ” ‘°°°

 Rivers or streams e

« City or township limits k@

 County lines

« Railroad grade crossings

« District, ward, or parish lines

|_‘u
(@)
|_‘u




Inventory & Location Referencing System

Collecting Inventory Data

Office: collected on data forms or tabular formats so _n__
that a field verification of the inventory can be e
performed efficiently.

Field: VIDEO OR PHOTOGRAPHIC LOGGING

FIELD SURVEYS
= Sections in the network
= Inventory data collection format
= Definition of sections and identification procedures

= Structure of inventory database a
= Prioritized list of data to collect
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Inventory & Location Referencing System

Collecting Inventory Data

Quality Control

] - whenever two different pieces of data profess to
represent the same fact, they must be equal.

N - the data values represent as close as possible
the actual situation at the indicated location and time.

L] - the given value is correct.
N - involves two things .

v confidential

v backups
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Inventory & Location Referencing System

Collecting Inventory Data

LY\
5 Zoam o saction =Gl i
© PavementSectons Sidewalks
aiy: uea: Daman
[Damenams CIL o
Roa: Section

9 T 3
Dhalira R4
(&

Zoom Quit

B Toum te Saction

& Pavement Sections

e

.| woumu

@l %e 373

i

a =

ey

© Sidewalks

Suction:

Zoom to Selected Area, Hoad or Sectic:

111163.84, 2925231 80

+ ey

1 Eastern Province Pavement Management System =
Home |Parameters | Archive [Help [ About |

Data Entry | Computations | Browser | Work Flow | Reports | GIS |

. [Section | | Distress | Special Treatment | Equipment |

City | Add | [ Del |

1 - Dammam ~| | Section Information Form © * e|i1o |11 6|0 9s|o|0 1|0 2 0 1 Survey Date

s ' ? i B

Zone (add | [od | (Pavements) aty | Zone Area Road Section pir | Ftr 11/21/2009

[1-zore 1 h Length 417.5 Wit () 13 Area (sg.m) 54275

Area | Add | [ Del |

11 - Al Amatrah -] asphaltic Layers 7 Base Layer 20 Road Class |

Thickness (crm) Thickress (crm)

Road 1 1

oa |'Add | | Del |‘ Constriction  [11/21/2007 ] cubpase | Marl - Subgrace [ piar] .

9 - Area Mo 011 Road No.003 ~ D

. Operatin

Section [Add | [0l | | Trame oy 1000 Percentage of Trucks E]

1 ~|

R Total No. of 19 5 1
Direction | List | | Del | St Samples to be Surveyed Contractor

02 - E-Bound ~]

Feature | Del |
01~ Local Road - Pavernent ~ |
Samples (Pavement)

| Add | | Del

Road used by YIPS?

Road resr officialfpublic
buikdings?

| water Ponding?

i

Utility Cuts?

Road passing thorough CBD?

Road has alternative raute for maintenance? |y ~|

T

<

‘ Clear |

| Default ‘
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4-Pavement Condition Survey
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Pavement Condition Survey

Condition Data Collection

The Pavement Condition
Survey provides a means
of assessing the current
pavement condition of the
PMS Analysis Sections
and which are in need of
pavement preservation,
rehabllitation, or
reconstruction treatments.
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Pavement Condition Survey

Condition Data Collection

This survey forms the basis for o]
the performance and economic = ;
analysis which follows. ’”

2
Pavement Condition surveys n

provide a rational and
consistent method of allocating
limited financial resources.

Preservation  §1

Exceallant Restotation  §5

Pavement Condition Surveys
are used to assess or describe
the state of being, or readiness
for use, of those elements

being managed.

Goed )
Pradictad

Actual
Fair e

Poor Pavement

e Failure

Pavaement Canéi‘tion

Wery Poor

(=1

5 Years 10 Years 20 Years

Pavement Performance History
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Pavement Condition Survey

Condition Data Collection

* Evaluate the current condition of the network.

 Determine the rates of deterioration.

* Project future conditions.

 Determine maintenance and rehabilitation needs.

* Determine the costs of repair.

* Prepare plans for repairs.

 Determine the effects of budget reductions and deferred maintenance.
e Schedule future pavement maintenance activities.

* Track performance of various pavement designs and materials.
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Pavement Condition Survey

Condition Data Collection

*SURFACE DISTRESS

*PAVEMENT ROUGHNESS or RIDE QUALITY

=SKID RESISTANCE

«STRUCTURAL CAPACITY

109




Pavement Condition Survey

Pavement Condition Survey Equipment

Profiler Skid Trailer GPR
roughness, distress, Pavement Layer
rutting, noise, friction Thickness

pavement cracking

Structural
Capacity
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Pavement Condition Survey

Pavement Condition Evaluation

Surface Distresses

Data Collection

CONTINUOUS - VISUAL INESPECTION SURVEY
(COMPUTER RATER KEYBOARD, and CRACK VIDEO)
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Pavement Condition Survey

Distress ldentification Manual
for the Long-Term Pavement Performance Program

ASPHALT R
DISTRESS -

R TR
B, 177 il B EL QR RON <. ASPHALT
g S

§ iy B B ki
S a0a 10 (4 DISTRESS
e 8 [ D LTI SR, -:»’f;;./@//?%- A 2 e — MANUAL
£ e ]_,’.:svyiw// GIICCINOZIANT —

Various Rating Manuals

= Pavement Rehabilitation:
A Guide for Minnescta Cities and
Counties
MN LRRS

» Distress |dentification for the
Lc;s'g Term Pavement
Pedormance Program

SHRP
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Pavement Condition Survey

Surface Distresses ldentification Manual

PCIl Distress Classirtication for Roads and Parking Areas

I /icator or Fatigue Cracking Load
Bleeding Other
Block Cracking Climate
Bumps and Sags Other
_ Corrugation Other
Depression Load
Edge Cracking Climate ASTM D6433 - 11
_ Joint Reflection Other
Lane/Shoulder Drop-off Other
Longitudinal and Transverse Cracking Load
Patching and Utility Cut Patch Other
Polished Aggregate Other
Potholes Load
Railroad Crossing Other
Rutting Load
I <o Load
_ Slippage Cracking Other
_ Swell Other
Ravelling and Weathering Climate
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Pavement Condition Survey

Pavement Condition Evaluations

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

Q0 Type of distress
O Severity.

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

- Type of distress tells us the type of
damage

« Severity tells how bad the damage is

« Quantity gives us the extent of the type

and severity of damage that is present.
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Pavement Condition Survey

Pavement Condition Evaluations

Surface Distress
Bituminous / Composite Pavement

Longitudinal ‘
el Transvers =z
€ 5 -
Cracking [ . >#7% 5 %=

Alligator
| Cracking Patch

Condition

J{ Rutting

Pothole
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Pavement Condition Survey

Pavement Condition Evaluations

Alligator (Fatigue) Cracking Example

A series of interconnected cracks caused by
failure of the base or subgrade to support the
HMA layer(s) and fatigue failure of the HMA
surface under repeated traffic loading.

Severity Levels:

, longitudinal hairline cracks running parallel to each other
The cracks are not spalled
M—Further development of light alligator cracks into a pattern or
network of cracks that may be lightly spalled
Network or pattern cracking has progressed so that the pieces
are well defined and spalled at the edges.
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Pavement Condition Survey

Pavement Condition Evaluations

SURFACE DISTRESS

1.75ft 251t 3.5ft 251t 1.75ft

\ 4
A

A 4

A
A 4
A
A 4
A
A\ 4
A

Wheel path Wheel path

AR i B R R B R T
) '7 ,' '7 \}’js .:)- g \'7“ \}’},‘) g ‘:

< 12 ft

LOAD ASSOCIATED vs. Non-LOAD ASSOCIATED
LOCATION

\ 4
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Pavement Condition Survey

Pavement Condition Evaluations

ROAD ROUGHNESS G

St
"ROAD ROUGHNESS IS THE o S e N
IRREGULARITIES IN THE =N '
PAVEMENT SURFACE A Ml
AFFECTING USER COMFORT W S
AND SAFETY” (laser, infrared. or ultrasonic sensor

DUE TO VARIATIONS IN
HORIZONTAL, VERITICAL, AND
TRANSVERSE PROFILES

RIDE QUALITY - USER
PERCEPTION OF PAVEMENT
ROUGHNESS
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Pavement Condition Survey

Pavement Condition Evaluations

Rut Depth Measurement

Severity Levels (Mean Rut Depth):

L—6 to 13 mm (0.2 to 0.5 in.).
M—>13to 25 mm 0.5to 1in.)
H—>25 mm (>1 in.)
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Pavement Condition Survey

Pavement Condition Evaluations

SKID RESISTANCE
SAFETY

DESCRIPTION

ASSESSMENT OF THE COEFFICIENT OF FRICTION
OF THE WET PAVEMENT SURFACE (BASED ON SPEED)

DATA COLLECTION
CONTINUOUS - ASTM E274 (LOCK WHEEL) SKID TRAILER
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Pavement Condition Survey

Pavement Condition Evaluations

Structural Inteqgrity

DESCRIPTION
ASSESSMENT OF THE THE LOAD CARRYING CAPACITY

DATA COLLECTION

Deflection Data — Falling Weight Deflect meter
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Pavement Condition Survey

Condition Surveys

Ride Quality, Surface Distress, Rutting

Pavement Indices

Pavement Wheel Path
Profile

Ride Quality Index
IRI

Pavement Surface
Distresses

Skid Resistance {H—l/

Surface Distress Index

Skid Number

Structural Capacity
Deflections

Structural Capacity
Index

Converts collected data to single value

122




Pavement Condition Survey

Pavement Condition Index

The Pavement Condition

Index (PCI) is a numerical index

between 0 and 100 which is used

to indicate the general condition e
Of a pavement g DETERIORATION CURVE

_ EXCELLENT

75% OF PAVEMENT LIFE

VERY GOOD

)

-~

CRITICAL (i
PCI POINT —

eASTM D6433 - 11: Standard
Practice for Roads and Parking
Lots Pavement Condition Index
Surveys

40% JRCP
N QUALITY

YERY POOR

PAVEMENT CONDITION INDEX {PCI)

FAILED
4

Vé'}‘a’ J
PAVEMENT AGE OF PAVEMENT IN YEARS

eASTM D5340 - 11: Standard Test
Method for Airport Pavement
Condition Index Surveys
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Pavement Condition Survey

Pavement Condition Index

Main Street

Distress Severity Extent

Long/Transverse Crack Mod 20% SeCtiO N PCI
Fatigue Crack Slight 10% »

Raveling Slight 80% Va l Ue

Patching Severe 2%

Rutting None

Pavement Condition Index Converts
multiple distresses into a single value
for the pavement segment /section
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Pavement Condition Survey

Pavement Condition Index

Standard PCI
rating scale

type

85
L=

Dist N 55 .
qLSa;rﬁist; —) PCI :D Fair

PN

on ~ - K a
STEP4, COMPUTE TOTAL DEDUCT VALUE (TDV) g+b b FARED

o f Distress
severity

STEP 6. COMPUTE PAVEMENT CONDITION INDEX (PCI) 100-CDV FOR EACH SAMPLE
UNIT INSPECTED
STEP 7. COMPUTE PCi OF

ECTION (AVERAGE PCI'S OF SAMPLE UNITS)
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Pavement Condition Survey

Pavement Condition Index

Section SummaryReport
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Pavement Condition Survey

Pavement Condition Index
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Pavement Condition Survey

Pavement Condition Survey
Summary

Good Network

B
o

w
v
|

Average Network PCI

w
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N
w
|
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(3]
o

-
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.
|
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;
[

w
|

o

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0
PCI
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Do Nothing

Pavement Condition Survey

Pavement Condition Survey Summary

[

Preservation

Major Rehab

S
o

/

w
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w
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Pavement Condition Survey

Percent of Network

40

35

30

25 -

20

15 -

10

Pavement Condition Survey Summary

Percentage of the Network Treatment Costs

Pavement Preservation

Minor Rehab

Major rehab

Reconstruction

130




Pavement Condition Survey

Pavement Index
Ride Quality Index

= Measure Pavement Wheel Path Profile(s) to assess Pavement Ride

Quality
= Convert Pavement Wheel Path Profile (L&R) to Pavement Ride
Niialityvs Indircac (IR 18
20 16 7
IT-1R E— 1; AV aS v A I A
= 10| - - E VAVVAY B A 7 .
ELL N oLl AV
£ . VJ E 0.8
E , = 06
P 1“ 25 kﬁ,ﬂsL E : 0.4
wp o 00 | . . .
«15 0 20 40 60 80 100
Distance [m} Distance (m)

Hon-lHS Routes Hon-HHS

IR| Categories Interstate Routes with Routes with
ADT > 2000 ADT < 2000

<70 Excellert

Excefent

Good Excelert

T Fair Good
F

=
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5- PMS Performance and Economic Analysis
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PMS Performance and Economic Analysis

Pavement Performance Model

Prediction Model

== Current Time
100 4 ‘ : Pn Nothing
- - b . ' by
-
80 —
wr
x . - .
@ Pavement Preservation l Default Distress
S 5 Model
c .
2 -
L 40 Remaining LN =
1 Rehabilitaton Service Life . riggers
Q 20 \
Reconstruction 5 »
0
years ¢

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Years
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PMS Performance and Economic Analysis

Pavement Performance Model

Age vs. PC Index

Pred PCl=a/(1+exp((Age-b)/c)
Pred PCI = 100/(1+exp((Age-

J11.2))




PMS Performance and Economic Analysis

Analysis

PERFORMANCE AND ECONOMIC ANALYSES

- SINGLE YEAR COST SUMMARY

e - COST PROJECTIONS

»P&E, CONST, ANNUAL MAINT, REHAB, SALVAGE

»NET PRESENT WORTH OR EQUIVALENT UNIFORM
ANNUAL COSTS

»DISCOUNT RATE = INTEREST - INFLATION RATE
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PMS Performance and Economic Analysis

Sophistication

= A P

Prioritiza

‘.
Y

RankKemg




PMS Performance and Economic Analysis

Condition

Effect of Treatment Timing on Costs

Deterioration over time and cost to repair

\ < $Z.00/sq yd

Pavement Preservation

Pavement Rehabilitation

Poor

Pavement Reconstruction $80.00/sq yd

Time
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PMS Performance and Economic Analysis

Treatment Types and Costs

(Cost Per: lLane

Preservation, lreatments Vi
Slurry seals $14,080
Micro surfacing $17,600
High-performance thin overlays $45,760

Clogr Per Lzl

(13

senanlliiauonNyreaunenLs; ilE
Minor (functional): mill 2 in. and overlay 2 in. $107,430
Major (structural rehab): mill 2 in. and overlay >2 in. $154,106

Cost Per Lane

Reconstruction Mile

Partial $422,400

Full $689,920
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PMS Performance and Economic Analysis

Pavement Condition Index

Treatment Choices
Existing Performance Treatment 1 in Years X
/ / and Z at $ Cost

Trigger Pointf/o/

i . \ Treatment 2 in Year Y
heatmentilp oo bilitation at $S Cost

Trigger Pointﬁ/v \

Treatment 2 ‘

Reconstruction

Age or Traffic Loads
139




PMS Performance and Economic Analysis

You never have enough fish!




PMS Performance and Economic Analysis

Treatment Strategy Triggers

Treatment Type Trigger Range
Do Nothing PCI > 90
Pavement Preservation 60 > PCl =90
Minor Rehabilitation 40 > PCl =60
Major Rehabilitation 20> PCl <40
Reconstruction PCIl <20
141



Treatment Selection

Pavement
Condition Index >=85

Do-Nothing

Pavement Preservation

Not Present Eynctional

>=60 and <8

Asphalt | Overlay
Pavement Load-Associated Minor Rehab

Structural
Deterioration Structural

Present Overla

Major Rehab

<60 or below

PCl<=20 Reconstruction

Recommended Treatment Class

...Managers make the final decision
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PMS Performance and Economic Analysis

Multi-Year Prioritization

Performance Prediction Model

- Benefit or Effectiveness

-
é ~ ~ Treatment (Area under the curve)
TCJ { Reset \ Predicted
—_ .. N\ / Performance
c Condition
o N\
—
= Increase \
S \
ol L\ gl [
I=
c |
% \ Extension
>
@ |
a

—
Age or Traffic Loads
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PMS Performance and Economic Analysis

Network Needs Treatment Cost Distribution —
Good Network

Percentage of the Network Treatment Costs

37
36
19
I |
0 -

Pavement Preservation Minor Rehab Major rehab Reconstruction

Percent of Network
= = N N w w S
o ol o (6] o ol o

o1
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PMS Performance and Economic Analysis

Budget Style

Incremental
A “mix of fixes” is applied
Distribution based on Network
Needs Analysis

(0o
(€
(©
(G
@
(=
IT l)
(@p)
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PMS Performance and Economic Analysis

Budget Amounts

No funds
$1,000,000 - Less
$1.500.000 - Current
$3.000.000 - More
Unlimited
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PMS Performance and Economic Analysis

Example 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

M Do nothing M Spend S1 million M Spend S3 million
100
Good 90 /
80 /
S 70 T
= 60 @{ —— —_—
S 50 T~ —
O 40 ~—
30
20 \\\
10 ~——
Poor —
0 1 2 3 4 5 6 7 8 9 10




PMS Performance and Economic Analysis

Example 1 — Two Objectives (Goals)

e Secondary pavement ¢ planning horizon of 10

network of 8000 km years;
e Goals: e Maintenance policies:
v~ Maximize performance 7 (Ry+R,),i = 65%
(service life extension E) /R — 26%
C. . 4, -
v Minimize cost R4t1:;xax = 2204
e Initial conditions: v Lomay = 20% L
~ Excellent (R1)=34% e Average yearly budget

v Good (R,) =30%
v Fair (R3) =12%
v Poor (R,) = 24%

v Mean = $18 million
v CL =95%, C.0.v. =5%
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PMS Performance and Economic Analysis

Example 1 — Model Formulation /4

10 4

MaxZ = > 3 Ry XiEiL Max. M_aunt_enange Effectlveness
t=1 =1 (extension is service life)
10 4
MinZ,= DD RepXCiL  Min. Total Maintenance Cost
t=1 i=1
4
Rit = (L= X)) Ry Pi + Z XjiRjenT; =1Vt (performance prediction)
j=1
4 -
Rit = A= Xit) Rig—p Pi + 0= X 0y0) Ri—aye—n Piayi + Z XjiRjepT; 1= others, vt
4 4 j=1
Z ZRi(t—l)XitkaLS Ue, +CD_1(1—OCt)GBt vt (stochastic budget constraint)
k= i=l
2
z R.> (R, +R,)mi vt R, < R4max Yt (performance targets )
i=1
RogXar < 2 max Vvt (resource constraints)
4
Z R.=1 Vit (sum of percentage in all states =1
i=1
0<x,<10 Vit (non-negativity constraint )
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PMS Performance and Economic Analysis

Max. Life (Z,): Average Annual Budget 6165!\9 0] fe20] o]
79 R7R v 9 [s14] S o

Total Effective Lifel72,676 yr-In-km | ¢ for1]
f60.1] T |18‘5

15% 1 Budget — 6% 1 performance ] 507} o]
6 | [se.2] T |17.5 O Excellent

T

10 _ ,5_9.?; 18.6 01 220 ] i ,.:; Good
’ [ T e — ! [so] . m Poor
1 ™ T —| 0 oo 1] o] Lo 2 j—
O - — - — . — : r T \
Y B2 I ES;?d 00 100 200 300 400 500 600 700 800 900 1000
; | Percentage(%)
1 >+ I = Po
| ] T T — —
2 1% e [ i 00
L (* e ] o w0
00 100 200 300 400 500 600  70.0 90.0  100.0
80.0 9 %68
Percentage (%) 4 o
g [576]
= 6 56.3
Average Annual Budget ~£ﬁ40 M; g =
—-— - -— - 5 56.7
Total Effective Lifel68,622 yr-In-km I n ool
—_——— - - - 1 . —
3 535 {16243 26.0
0) 0) | —
8% 1 Budget — 29% 1 performance  __ SE oo e
Min. Cost (Z,): Average Annual Budgeté‘ﬁlBO M} fos4] o ]
Total Effective LIfQEB,ESEJ_yFka | 0.0 100 200 300 40.; 50.0 600 70.0 8.0 90.0 100.0
ercentage (%)
- - - - - -
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PMS Performance and Economic Analysis

kg of Life Cycle Assessment

CO2eqg/lane*km

16000 {—_“‘“T‘““‘
14000 +——

12000 +———

10000 {——— —
8000 = I
6000
4000

® o o/o o Py
ALYSIS OF ALTERNATIVES

Environment

Environment

Costs




PMS Performance and Economic Analysis

PMS Reporting Tools

Tables |
Annual Maintenance
Section | Year | Cost : o
32 2013 | $100,000 -
47 2015 | $237,999

90 1

80

701

Graphs

60 1

50
40 1
30
20
10+

0_4

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr

GIS Maps




6- PMS Implementation
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PMS Implementation

IMPLEMENTATION

ROLE OF MANAGEMENT :
STRATEGIC PLANNING OR DECISION TOOL FOR UPPER MANAGEMENT

ENGINEERING TOOL FOR TECHNICAL DECISION-MAKERS

DEVELOPMENT STEPS :

1- BEGIN COORDINATION THROUGH components of the agency m
2- ORGANIZE TASK FORCE ,

3- APPOINT PMS STAFF

4- PMS SYSTEM SELECTION OR DEVELOPMENT
5- DEMONSTRATION OF PILOT PMS

6- FULL SCALE IMPLEMENTATION, DOCUMENTATION, AND TRAINING

7- FOLLOW UP - FEEDBACK, IMPROVEMENTS, MODIFICATIONS
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PMS Implementation

Barriers to Implementation
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PMS Implementation

Issues and Barriers

The institutional issues and barriers can be
loosely grouped into three classes; barriers

e

4 People X

0 Organization

=

O Development & implementation of PMS  yanagonen tystem
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PMS Implementation

People Issues and Barriers

. Personalities and interpersonal relationships

. Turf protection

. Fear of exposure to past or current practices

. Place of development (planning, engineering, maintenance,
etc.)

Resiste ﬁﬁ
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PMS Implementation

Organizational Issues and Barriers

. Size of organization
. Organizational structure
. Organizational level
. Past management and decision-making

practices . '
o ili Wt oD

Stabilit :,.‘.:: of .6‘:.'
Tk LW
: - . A
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PMS Implementation

PMS Design Development & Selection

. Matched to agency needs

. Complexity — Need for adequate documentation

. “Black box” — Details of the analysis could not be
seen

B

Pavement !
Management System
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PMS Implementation

FEEDBACK LOOP

ACTION EFFECT

) T o
’ .
e, ; e
A P
wr > W S i o . &
% R /
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~ -
- . -
. .

—— FeeogacK
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PMS Implementation

Feedback

 Review treatments and trigger levels with actual data

 Use actual case studies and output from several PMS
optimization runs

« Confirm modifications
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PMS Implementation

Feedback

« Pavement Performance Models
 Treatments

« Treatment Trigger Levels

« Treatment Costs

 User Cost Models

« Data Quality Use Cost
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PMS Implementation

Feedback

« Quality control of inventory/condition data essential
 Feedback loop on data quality regular part of PMS process

« Periodically raise and answer questions of cost, quantity,
and use of data
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7- Case Study " EPM-PMS "

Eastern Province Municipality

GIS-Based Pavement
Management System
Version 3.0

Licensed To Eastern Province Municpality
Copyright 2010: KFUPM Spatial Pavement Group Warning: Only Licensed Use
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Development of Eastern Province PMS

EPM- Pavement Maintenance Management
“the Start & History”

Before 1997 : Depend on the Engineer Experience and Judgment

1997-2000 : Documentation of Pavement Maintenance Procedures and
i development of a management procedures .

2000-2006 :Establishment and implementation of a Pavement Management System ,
i GIS Integration .

2006- 2009 : Enhancement of the PMS , adding more functions , Manuals( Pavement
i Evaluation , Maintenance Activities , System Manual ) , Training .

2009 — 2012 : Introduce more changes
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evelopment of EPM- PMS

EPM-Pavement Management System Process

Select
Zone
Area
Street

Municipality , Consultants
5 Contractors , Public , etc

Ut
echeduled or in
Progress

Delay Survey ~ves——

| Perform Survey
s 2
| Perform Qc
2
Update Database
2

C Section PCI

No
>

idewalk or Mediary
Problems

(AN 0 )

~ | Non-Destructive Test |

Field Test

Required 2

M&R for Individual
Distress

| Owverride Matrix (1) |

No

>
| M&R for Individual | [ override matrix 2 |

Distress
=2 = S—
| Override Matrix (1) |
K2
[ override matrix 2 |
!

Failed Pass Failed | | Pass |

=

MR (1) ot e [ Mmar (1) ] | overlay | [ mar @ |

B
&

M&R
For Sidewalk and Median

4>| M&R for Pavement |<—

E 2

[ mMaintenance options |

Output Reports

Water Ponding
Exist?

Select Solution for voo.
Water Ponding

No
L2

Contractor Override Matrix (2) is shown in Table 8 Page 23
E 2 M&R for Sidewalk and Median is Shown in Page 9

| Maintenance Work |

Assign Work to a | - Override Matrix (1) is shown in Table 7 Page 22

Started
K2
Maintenance Work
1 system Administrator | Finished |
1 surveyor Group L3
1 <A Engineer [ Eerformion

[0 oc Engineer

1 Amana Surpervising Engineer QA Approved e EETECREr
1 Decision Maker
1 contractors ves

<

Contractor Work
Finished

K2
[ Payment Rrelcasea |
C Archive Database ] Database QC |
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Development of EPM - PMS

Road Network Definition

Road Network was divided by : - Zone - District - Road

[ e e T e R, e o =« .|
Home | Archive | Help | About
Browser | Work Flow | Reparts QS
’ » E Feevant l.;(— * Seesatigen - G =l
B NS G Layers z
¢ ¥ St Cortar Lies £
e Pradig ;
3 1 SenDuta :
% [ Sdowsln
3 L]
v H e T hes
N She e S
3 ¥ Coie .
¥ X
2 O Seeelae brage )
©
.‘-.
“ 0 02
=]
City
i
e H P
b At Distract <
b | Wi Flossd | Rogsoims | 6
acnar Comess | Special Traarment | [oupment R ad <
Section Information Foem @ 1 2 1 Surviy i 0
{Poaa mmarsin) o I e | Ee | B | e r—— ] o . (
o F— Section
T Sass Layer [R—— 0 . "
Thckraas ) Thicirsas (crey
. o 5 : Section Direction

E— oLy w1 Trimby
e B Section Characteristics
Tonal b o
o e I B marvad WA
Road Lmasiiry WL - i psan ing rerough a0 -
s o oiTic i il - o s sl (o o e -
burichnga
Wi Pording’ - Lty Ot -
= (=1 T o
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Development of EPM-PMS

Pavement Condition Evaluation

Pavement section : 10m x 500m

= Using ASTM D6433 for
condition evaluation

30 30 30 30

= Collect distresses “type,
guantity and severity for each [==

|Hwn: Parameters | Aschive | Help  About

H (11 Data Entry | Comptations | Browser | Work Flow | Reports GIS
section 2T remopeipmielienin |
@ msg . 1 o) s |
m L1 ¢ b [

= Calculating the PCl for each || .-
section in the network (BE

O _Bkeui

= Rating for each section in the
PCl scale of 0-100

e | S

- —




Development of Eastern Province PMS

Pavement Structural , Roughness and Skid Evaluation

=  Structural Evaluation for limited sections
using Falling Weight Deflectometer (FWD)

= Roughness Evaluation , Calculating the IRI .
Selecting locations Based on the road
design speed .

= Skid Resistance Test . At intersections and
selected locations
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Development of Eastern Province PMS

Exploring New Data Collection Technologies

= Laser Line Scan for distresses survey with 3D
Technology , will be used soon

= Assets Data Collection using mounted Cameras ,
used for main roads

= Mobile LIDAR Technology , not used yet but
understudy




Development of Madinah PMS

Pavement Performance Prediction Models

\J Easten Proveca T, m-.-u...g.m pte chc,.n_.r;;_.. o -

[Hore | parameters| Archive | Help | Abot|
Data Entry | Computations | Browser | Work Flow | Reparts GIS |

= Predict the future condition of 1 BP 1Y mamacsgns « semotivon -

i I\B GIS lm

the pavement network . |52 "

= Analyze different Maintenance |
Scenarios . |

= Budget Planning.

MITITIILIT
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Development of Madinah PMS

Maintenance Types

Maintenance Programs

= Groups of can be modified 1 EEICHg
; ] 2 Apply Hot Sand and Roll
when needed for practical and effective 3 Crack Sealing
. 4 Surface Leveling
SyStem OUtpUt : 5 Surface Patching
6 Deep Patching
. 7 Micro Surfacing
o Maintenance Cost 8 Hot Sand Mix
o Maintenance Type 9 Rubberized Friction Course Surfacing
o Maintenance Priority 10 Overlay
. . 11 Overlay + Geo-textile Fabric
o Maintenance programs planning 12 Mill and Repave
; 3 13 Mill + Geo-textile Fabric + Repave
o Maintenance Budget Planning — TSRV
15 Reconstruction

Priorities Factors

Maintenance Types Matrix - Fatigue Mo | fator | Weight |

cking Density Level (% 1 Road Class 0.135
Severity Level <10 10 - 30 31-60 >61 2 Pavement Condition 0.196

3 Operating Traffic 0.132

Low 1 5 5 14 4 Riding Quality 0.124

Medium 6 6 14 15 5 Safety Condition 0.155

High g g ” = 6 Maintenance Cost 0.106

'e 7 Importance to Community 0.152
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Development of Madinah PMS

Maintenance Programs s T

= 3 years Maintenance Plans 5 T A
= Maintenance Budget Planning |‘ H =L

= Maintenance work orders ,
= Maintenance quality control 2Nk
= Involving stake holders 1 Rt | it
Contractors Performance Evaluation B

B o b b | gt I e s | - | -2 e
[ emrae - it atcaicn: e S vy Pt it L " k™ L= i |

i WorkOrder Forwarding | | | T

L

o Larar T rp—T — - ——
Forgrg
Hoe Parameters | Archive | Help | Bbout - e
— S E Ciorglabi Wk F 35
e e R v e o oo |
Home Help | About thy  Contrad o —
Browser 'Work Flow | Reports | GIS 1 - Durenary = L it = o (s smsouss | T
NDIAGAO : Quaity Control Engnees Tore
= | hmr 48 Catcatey
Inbax | Brzese Infarmanon | Lab Tests Lab Resuts 1-2
Road Class Lab Test Results o
iea
o 2301164042001 001081
City by  Zome A Rosd  Sectin v v
fopbalt Ceanglar B2se Sadmy ade
Looe L] AR 5T P Py
w [ S S—— I SSS— S e—— N e i
1+ Jate
o e rats Coxecn
164- 410 Mol Sty vl » » Sy ey Gachoat Plaararg
Road dy Loss aht e
scran =
o Sor Zarpecton
Ratrash lndes . o
Clhesth Besults =] e | Mricely  TorayPL | Bedge P

Sev el Sand Ressts
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Development of Eastern Province PMS

PMS SCREENS

A Eastem Province Dx.ement aﬁ@ ————— D— mJ ==
]

\J Eastern Province Pavement Management System Dammam Municipality e} 201
Home |Parz— . — — N —
. | Home _Parameters | Archive | Heln | Ahout
Data Entng5'z. ain Brgince Durarmurs Meragament Syiors

R ————

+ 18 - —— —g = s
v % . Special Reports
8 . Expor . wJ Eastern Province Pavement Management System E
o [' ‘, c \, Eastern Province Paveme H D|— Py o s . | -
ome-Lt Aramarare ¥ iVl Fat ralli -
E Home M & wJ Eastern Province Pavement Management System | =R ﬁ]
M § M & R | Priority |Sup rchive | Help | About
= Road Class | Weight f & e urvey | Equipments | Forecast & Budget Planning |1
0g = =
Saf]
Fad
1 | Eastern Province Municipality
N 2
| GIS-Based Pavement
3 2 Management System
N
i Version 3.0
] 3
5
Licensed To Eastern Province Municpality
6 Copyright 2010: KFUPM Spatial Pavement Group Warning: Only Licensed Use
2
T
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EP -PMS Implementation

Pavement Performance Improvement
Road Network, Condition (2007 to 2012)
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EPM -PMS Implementation

Pavement Performance Improvement

Overall Road Network Rating
(2007 to 2012)
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- Conclusion
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Conclusion

There is a need to preserve our road network assets

Asset Management System is a tool for better assets
preservation

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

Agencies can develop its own PMS , with continues improvement

The PMS helped the agencies to improve the road network condition and better
utilize the available funds .

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

Involving all stakeholders ( Agency Engineers , Consultants , Contractors , etc) is
Important for success and continues improvement .

Feed back and continues improvement
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The Road For Quality has no finish line




