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AASHTO Manual For Bridge Evaluation:
Section 3, Bridge Management Systems

= AASHTO SCOBS T-18 (Bridge
Evaluation and
Management) has recently
updated Section 3, “Bridge
Management Systems

= Approved at the 2017
AASHTO SCOBS meeting




AASHTO Manual For Bridge Evaluation:
Section 3, Bridge Management Systems

3.2 - Objectives of Bridge Management Systems
3.3 - Components of a Bridge Management System
3.3.1- Information Management
3.3.1.1- Bridge Inventory, General Condition Ratings and Bridge Element Ratings

3.3.1.1.1 - Bridge Inventory
3.3.1.1.2 - General Condition Ratings

3.3.1.1.3 - Bridge Element Ratings

3.3.1.2 - Agency Performance Measures
3.3.1.3 - Preservation and Improvement Action Data

3.3.1.4 - Cost Data and Financial Plans
3.3.2 - Data Integration

3.3.2.1 - Data Analysis
3.3.2.2 - Risk Assessment
3.3.2.3 - Agency Rules

3.3.2.4 - Cost/Benefit Analysis

3.3.2.4.1 - Condition Driven Cost/Benefit Analysis

3.3.2.4.2 - Improvement Cost/Benefit Analysis
3.3.2.4.3 - Life-Cycle Cost/Benefit Analysis

3.3.2.5 - Prioritization and Optimization
3.3.2.5.1 Multi-Objective Optimization
3.3.3—Decision Support




A BMS provides three components to
support bridge asset management:

Information Management

Data Analysis

Decision Support




Information Management:

“A BMS requires comprehensive,
connected and well organized relational
databases that are capable of supporfing
the various analyses involved in bridge
management and reporting this
InNformation in a way that can be readily
understood by various stakeholders.”



Information Management:

= Bridge Inventory

= General Condition Rating

= Bridge Element Rating

= Agency Performance Measures

= Preservation and Improvement Action Data
= (Zost Data and Financial Plan




Data Analysis/Integration

= Deterioration

= Risk Assessment
= Agency Rules

= Cost/Benefit Analysis
= Zondition Driven

Improvement
» |ife-Cycle




Data Analysis - Deterioration
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Agency Rules

» CYC“C :", CAPITAL

i ] | SCHEDULED |
= Fxample — Do bridge washing | MAINTENANCE |
when ....

Manual |
= Condition

= Example - Replace seals in strip
seal expansion joints when
quantity in Condition State 2 (fair)
exceeds 20%

= Conditional rules most often need
to be considered concurrently
with related elements that could
Impact how the rules should be
applied.




BRIDGE DECK PRESERVATION MATRIX — Decks with Uncoated “Black™ Rebar
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Agency Rules - Work Recommendations

= Deck Top Surface
= 47% Poor

= Deck Bottom Surface
= 3% Poor

= Repair Chosen

= Deep Concrete Overlay



Decision Support
MBE Chapter 3 — Quote, “A BMS should meet the needs

of both upper management, where it is a strategic
planning tool, and technical decision makers, where it is
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= Bridge Inventory
= General Condition Ratings

= National Bridge Inventory (NBI)

= Bridge Element Ratfings - AASHTO
anual for Bridge Element Inspection
(MBEI)

Performance Measures

= National Performance Measures (FHWA)

» Report Good (NBI 7-9), Poor (0-4) by
Deck Area (Fair (5-6) is calculated)

= State Defined Performance Measures

Good

Network Management of Bridges

Monitoring Trends

2016 - Michigan All Bridges
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Poor (SD)
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Network Management of Bridges

USER, PONTIS

Managemen

BRIDGES

TUNNELS

REPORTS

ADMIN

INSPECTION

GATEWAY

ANALYSIS

PROJECTS

PROGRAMS

FPROGRAM LIST

CREATE/EDIT
PROGRAMS

ASSIGN PROJECTS

PERFORMANCE
MEASURES

FUNDING ALLOCATION
PROGRAM PLANNING
PROGRAM RESULTS

CREATE/EDIT
SCENARIOS

Program: |Presewat\on ﬂ Scenario: |Defau|1

Programs > Executive Summary

Pl Eot parameters)

Network Condition (with grouping) =

Year: 2016

1 On the NHS 0 Not on NHS

1 On the NHS

0 Not on NHS

= 0 Not on NHS

1 On the NHS

PR Foi paramcicr)

Network Condition (with filters) =

Year: 2016
roadway.nhs_ind: 0 Not on NHS

v] @

ol
Network Condition (with grouping) =
ar: 2016
1 On the NHS 0 Not on NHS

Fair
Poor
1 On the NHS
0 Not on NHS
= 0 Not on NHS
1 On the NHS
\
"~ Good
2
Network Condition (with filters) =

Year: 2016
roadway.nhs_ind: ALL

Last estimation for this program and scenario was done on 11/18/2016. Click fo begin a new estimation [ReSvaliae Frogam




State Defined Performance Measures

Dashboards
= Michigan Performance
Summary Pavement Pavement Comparison Bridge Bridge Comparison Traffic Safety Maintenance Finance
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B Bridge Conditions
oy Michigan
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= Reduce the number of
scour critical bridges
carrying the interstate W Biidges Good {

Bridges Fair
M Bridges Poor ‘,
1

= Reduce reactionary
actions on our bridges
Number of Bridges 11,054

Total Bridge Deck Area (in sq. ft) 68,307925
Structurally Deficient Deck Area (in sq. ft) 6,144,416




Deterioration Modeling

Michigan: All Highway Bridges: 2015 - 2016 Deterioration Curve
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Bridge Related Cost Models

= Project Costs
= Direct
= |ndirect
= Mobilization
= Traffic Control

= Michigan Averages
= Preventive Maintenance Cost = $550,000 per bridge project
» Rehabilitation Cost = $1,400,000 per bridge project
» Replacement Cost = $4,200,000 per bridge project




Strategy, Funding and Agency Rules

= “In order for a BMS to make bridge level decisions consistent
with agency practice, agency rules need to be developed.
The intent of the rules is to franslate agency practices and their
effects on bridge, program and network level
recommendations into the system’'s modeling approach. These
rules should be infuitive and reflect agency business practice
apd policy .”

‘Rules may be applied at the bridge, program, or network
level.... Program level rules may reflect varying performance
measure goals or funding constraints while network rules cover
standard agency practice.”



Project Level Bridge Management

» “Advanced BMS analyses requires a more detailed
condifion assessment to predict and prioritize bridge
repair, preservation, or replacement actions.”




= Detailed Bridge Decisions

= Bridge Element Ratings - AASHTO Manuadl
for Bridge Element Inspection (MBEI)

= National Bridge Elements (NBEs)
= Bridge Management Elements (BMEs)
Agency-Defined Elements (ADEs)

= Prgject Prioritization
» Cost/Benefit Analysis
= Risk Assessment

= Managing Fair Bridges
= Remaining Service Life or Time to Poor

= Multi-objective Optimization

Project Level Bridge Management

Michigan Bridges Cycle of Life
2012 to 2015
Statewide
Percent of bridges by count®

mental Affairs

O«
Appendix B

Bridge Investment Analysis
Methodology




Michigan’s Project Level Objectives of
our BMS

= For every bridge not
already programed,
deferiorafte the network
five years, then using

rndge elements and the

AASHTOWare BrM
software, indicate what
the needs are for that
bridge, what category of
work it fits into, and
estimate the cost for the
work.




Project Level BMS Process Overview

Existing

Conditions Deterioration
} Mode!
Future Conditions Element Work
2 Candidate Rules

Element Work
Candidates Agency Policy
Rules
Inspector BrM Project Corridor
Recommendations Recommendation Considerations

Final Project

T/




Multi-objective Optimization

» “The purpose of optimization at the network level is o select a set of
bridge projects in such a way that the total benefit derived from the
Implementation of all of the selected projects is maximized (costs and

risks are minimized). The ability to establish project priorities and optimally

allocate limited funds over a predefined planning horizon, both short-
and long-run, is a fundamental part of a BMS.”

“Bridge owners often need to consider multiple performance criteria
and constraints, such as bridge condition, life cycle costs, safety, fraffic
flow disruption, and vulnerability when making decisions and prioritizing
projects. They may need to analyze trade-offs between these
performance criteria.”



Multi-objective Optimization

Admin > Modeling Config > Utility

Condition LifeCycla Mobility Risk
Weight: 40 Weight: 30 Weight: 13 Weight: 13
1

Channel and
Channel
Protection (NEI

Element ratings MEI ratings
Weight: 30 Weight: 10

1 1 1 1 1 1 1 1

Deck Geometry Detour Length Posting (NBI T0) nderclearances Fracture Critical | [ Posting (NEI T0) Scour Critical Sgour Risk nderclearances Waterway

(MBI &) (HEI 19) Weight: 23 (NE1 &3) (NEI1 92a) Weight: 20 (NEI113) Assessment (NEI &39) Adequacy (NBI
Weight: 25 Weight: 13 Weight: 20 Wieight: 20 Weight: 30 Wieight: 50 Weight: 20 il

Weight: 10




Multi-objective Optimization

Admin > Modeling Config > Weights Profile

Selected Weight Profile: [ preservation Ex v|

" Programs > Performance Measures

Mame: [Preservation Ex

Program: |Scour Example Scenario: | Default

Select Performance Measures

Liility Components

=" Total Utility Performance Measures
# Condition (40-=25) Utility (Scour Weight Profile) 100.00 0.00
i LifeQ,,n'ClE (30-75) inspevnt.scourcrit 9.00 0.00 F X

N Health Index 100.00 0.00 .
#° Mobility (15-=0)

" Risk (15-=0)

Performance Constraints by Segment

Utility (Scour Weight Profile) inspevnt.scourcrit Health Index

4 Stable, neads action Min: [ Target: [ Min: Target: Min: Target:

3 SC - Unstable Min: [ Target: [ Min: Target: Min: [— Target:




Multi-objective Optimization
NCHRP E=

= Michigan Bridge Multi-Objectives REPORT 500
» Meet and maintain freeway bridge
condifion goal (95%) good or fair el S0bontion ufiniention fov

= Reduce scour critical bridges carrying the
interstate.

Make bridges more resilient to reactive
activities resulting from advanced
deterioration. (Reduce need to close traffic
lanes because of advanced bridge
deterioration.)




Risk Assessment

» “Risk may be understood as the potential for unplanned
adverse events to impact one or more transportation
facilities in a way that causes unacceptable transportation
system performance according to any or all of the agency'’s

performance objectives. In bridge management, the

primary concern is disruption of expected or designed
service levels, which may cause injuries or property damage,
loss of mobility, and immediate expenditures or long-term
excess costs.”




Risk Assessment

» Risk assessment evaluates the likelihood and consequence
of adverse events. The likelihood of the event includes the
probability of the event occurring and may include the
vulnerability of the structure to the event. The consequence
of'the adverse event would quantify the damage to the
stfructure, the impact on the flow of people and goods in the
transportation network and the importance (criticality) of
the structure.”




Risk Assessment

MDOT Scour Risk Assessment
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Function of a BMS

» “The function of a BMS is to provide bridge information and
data analysis capabilities to improve the decision-making
abilities of bridge managers. A BMS should not make

decisions. Bridges cannot be managed without the

practical, experienced, and knowledgeable input of the
engineer/manager. A BMS is never used in practice to find
one best policy among the possible choices. Instead,
managers should use the BMS as a tool to evaluate various
policy initiatives, often referred to as “what it analysis. The
available choices may relate 1o network-level decisions or
project-level decisions.”




A BMS is Decision Support

The function of a BMS is to provide bridge
information and data analysis capabilities to
Iimprove the decision-making abilities of

bridge managers. Bridge Management Works!
= Bridges cannot be managed without the

practical, experienced, and knowledgeable
Inpydt of the engineer/manager.

Trunkline Freeway and Non-Freeway Bridge Condition
1009

Freeway Condition Goal - 95%

95%

90%

anagers should use the BMS as a tool to
evaluate various policy initiatives, often
referred to as “what if” analysis.

85%

Mon-Freeway Condition Goal - 85%
80%

75%
70%

The available choices may relate to network- B EEEEEEEE RN
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level decisions or project-level decisions. —m— Messured Fraeway Condition  —a— Messurad Non-Freeway Condition

Percent of Bridges in Good or Fair Conidtion



BMS - The many things you learn on the journey
are as valuable as the finished product.

Thank Youl!




