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Transportation (Infrastructure) Asset Management

- Asset management is a

systematic process of This is how we do business:
. . . - Preserve our assets and minimize their whole life cost
malntalnlng; Upgradlng, and - Operate in a financially sustainable manner

Operating phySicaI assets - Provide a framework to improve performance on a

long-term basis

cost-effectively.

* |t combines engineering
principles with sound business
practices and economic
theory, and it provides tools to
facilitate a more organized,
logical approach to decision-
making.

HRH © 2022 Applied Research Associates, Inc. ¢ ARA Proprietary 2

www.ara.com



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
XY/

Where does TAM stand?

* The focus has been on pavements and bridges for the physical assets.
- What about other assets?

 Transportation Asset Management Plans (TAMPSs) should include the following:
- Asset Inventory and Condition
o Life Cycle Planning
o Performance Assessment
- Risk Management
o Financial planning and investment strategies
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Which Geotechnical Assets?

» Geotechnical assets can include earth retaining structures, embankments, slopes,
foundational elements, tunnels, culverts of other transportation assets.

* The term geotechnical feature could apply to all infrastructure features constructed on, in,
or of soil and rock [NCHRP 20-126(3)].

Cut Slopes

Pavements —

Fill slopes/walls —

Wetlands

Source: Naresh Samtani
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Benefits of GAM

» Geotechnical assets have typically been handled as permanent assets with unlimited
service life.

* Experience shows that these assets degrade overtime leading to serviceability and other
limit state failures (strength and extreme) that cause major injuries, property losses,
service interruption, and economic burdens on agencies.

» Geotechnical Asset Management (GAM) programs reduce life-cycle costs, reduce
performance and operational disruptions, and lead to fewer emergency stabilization
projects.
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The GAM process

_ Define and
* GAM includes several components and Locate Assets
the agencies’ focus can vary.
Incorporate
: Assess Assets
 Generally, a GAM program includes Process Condition

Improvement

multiple
steps and requires an iterative and

cyclic to improve and refine the program

throughout its implementation.

Communicate Assess
Results Performance

Conduct

Investment
Analysis

Implementation steps, NCHRP Project 24-46
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Asset Inventory and Condition: Defining and Locating Assets

* Need to identify the asset type and the size of the assets to be included in a GAM.
 Currently, most agencies do not have the assets in a single database.
« Remote sensing, geophysical technologies, and other sensors can facilitate the process.

N e S A — —

Alhasan, MP McGuire, PKR Vennapusa, Mickel, H. B., & Hagert, J. R. (2016)
N DJ White. (2016) ’ ’ ’
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Asset Inventory and Condition: Assess Assets Condition (1 of 2)

~ Wall System Component Distress:

- Unlike other transportation | » Foundation Soil Local or differential Settiement

assets such as pavements and e ot Sl Eron e Seone
bridges, geotechnical assets : SUf:.rr)unding
do not have clear definitions of ) E:;f:;smm
homogenous condition indices »  Geotextile Joint Material
or measurements. = » Backfill Spill-out
o B »  Backfill Saturation
- Condition assessment has g »  Localized Horizontal Movement
mainly focused on the ultimate S ~ + Localized vertical Setflement
limit state § L4 » Shallow surface failure or depression
. o
E N
 Homogenous Performance 2  Metallic Components:
metrics should account for = o oy
. : - . T » Overall alignment
ultimate and serviceability limit - Facing Displacement
states. |

Example of performance assessment framework for MSE walls
4 ARA
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Asset Inventory and Condition: Assess Assets Condition (1 of 2)

. . . Wi!ll System Component Distress: | Components Relative Condition  System Condition
U n I I ke Oth er trans p ortation Foundation Soil Local or differential Settlement - Weight (1) (2) =(1)x (2)
assets such as pavements and : oS R iy Overa
bridges, geotechnical assets [ T P e b s Mo s
do not have clear definitions of | - e it walots ot sy "
»  (Geotextile Joint Matenal
i : . «  Backfill Spill-out
ho mOge nous Cond IthI’] I nd ICES »  Backfill Salturahon Overall Performance = T,:::LS:::::??::::::

or measurements. Localized Horizontal Movement

+ Localized vertical Settlement . . _
» Condition assessment has + Shallow surface failure or depression Relative Overall
mainly focused on the ultimate [wetalic components:

l | Weight | Performance |
= Evidence of Corrosion

limit state. + Overall lignment ]
- Homogenous Performance |+ Tecna Deplemen
metrics should account for ' Drainage:
ultimate and serviceability limit | - [Slor:ifar;zigzslems -
states. " Watr ceumoins |
.HRH Example of performance assessment framework for MSE walls
© 2022 Applied Research Associates, Inc. ¢ ARA Proprietary 9

www.ara.com



' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
XY/

Asset Inventory and Condition: Assess Assets Condition (2 of 2)

* There are different analytical techniques 1.0 A
used for other transportation assets to
develop a condition index. 08

* One approach is utilizing the utility theory;
where each distress has a utility curve
Indicating how bad is a distress based on
Its impact on limit states.

 Other technigques can include the deduct 02
value methods: start with the maximum
possible value and define deduct points . . " o o o
based on distresses. Distress Density (L)
General shape of utility curves used for computing

TxDOT pavement performance indices (Bektas, Smadi,
and Al-Zoubi, 2014)
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Assess Performance: Life Cycle Planning

9

o Average Culvert Rtaing

00

Ry, —Markov Model Expected Value

* Performance at individual asset level includes a
time component.

* Deterioration models can be deterministic or

Condition Rating

6
probabilistic. >
* Life cycle cost analysis is important for proper > . o0 20 o
economic analysis and investment strategies. Age (Years)
Initial
Construction
Rehabilitations
)
2
i
..
A - Analysis Period 4
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Assess Performance: Back to Condition and Performance

- Remaining service life uses the same
measurement units for different assets. R

« Remaining service life can help defining the
utility/deduction and accordingly homogenous
condition index.

» Condition states are a discretized scale on the
condition indices range.

 Condition states are important to summarize the
overall condition at the network level and for
Investment strategies.

Condition

s(tg) € s;

HRH © 2022 Applied Research Associates, Inc. ¢ ARA Proprietary 12

www.ara.com



* Performance of individual constitutes
performance at network level.

* Typically, future performance at network
level is estimated holistically based on
average performance.

* Due to the heterogenous nature of

geotechnical assets, the holistic approach
may suffer from major limitations.

4 ARA
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1,042.0

Number of Fatalities
Five-year average

[ Learn more about Highway Safety I
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Assess Performance: Network Performance Assessment

State Performance Dashboard - lllinois

Highway Safety Highway Infrastructure Condition

23.7%

Bridges in Good Condition
National Highway System

(I L

| Learn more about Highway Infrastructure Condition I

1.24

Truck Travel Time Reliability Index
Interstate Highways

I Learn more about Highway Reliability I

7,237.480

NOx Emissions (kg/day) Reduced
through CMAQ projects, 2-yr cumulative

Performance Dashboard for lllinois
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Risk Management as an Integral Part of GAM

* Risk management, has been commonly handled as a separate parallel process to the

other TAM components to estimate the overall risks due to extreme events and agency
risks to implement TAMPs effectively.

* In many cases, except for few specialized applications at project level, agencies use
gualitative risk management.

 Risk and uncertainty are inherent attributes of geotechnical assets and their
performance throughout their service life.

* Risk management has been an integral part of the reliability-based design methods (i.e.,
LRFD in the US).

4 ARA
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Risk and Uncertainty

The effect of uncertainty on
objectives

Effect Uncertainty | Objectives

Know what

Always in the | You are trying
future to achieve

| May or may Apply to
Negative not happen | Organization,

program, or
project

% HRQO © 2022 Applied Research Associates, Inc. ¢ ARA Proprietary 15
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The Two Flavors of Risk Management

Qualitative Quantitative

» Subjective evaluation of * Probabilistic estimates of future
probability and impact condition and cost

* Quick and easy to perform * Dependent on quality data

- Dependent on expert input availability

- May lead to an overall biased * May require specialized skills*
description of the future * Measurable on the long-term
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Uncertainty Decomposition

Categories

* Measurement Uncertainty

* Model Uncertainty

* Inherent Process Variability
 External Effects Uncertainty

Examples

* Funding Uncertainty

» Performance Uncertainty

* Project Execution Uncertainty
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Conduct Investment Analysis : Financial planning and
Investment strategies (1 of 3)

* Investment strategies and financial planning builds on all previous components.

* There are several important factors:
o Benefits accrued from maintenance and repair programs

Condition

Worst First Approach

«—— Reconstruction

Time (Years)
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Conduct Investment Analysis : Financial planning and
Investment strategies (2 of 3)

* Investment strategies and financial planning builds on all previous components.

* There are several important factors: .

o Benefits accrued from maintenance and 300000
repair programs
o Comparing scenarios

250,000

200,000

150,000

Number of Bridges

100,000

50,000

0
2008 2010 2012 2014 2016 2018 2020

Year

—e—RBrigdes in Good Condition Bridges in Fair Condition

Source: U.S. Department of Transportation, Federal Highway
Administration, InfoBridge:
Data: https://infobridge.fhwa.dot.gov/Data/Dashboard
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Conduct Investment Analysis : Financial planning and
Investment strategies (3 of 3)

* Investment strategies and financial planning builds on all previous components.

* There are several important factors:
o Benefits accrued from maintenance and repair programs
o Comparing scenarios
o Setting targets (with measurable units) and budgets over a time horizon
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Conduct Investment Analysis: Using Risk and Return

* Incorporating uncertainty in investment strategies and financial planning provides
greater insights to alternative scenarios.

* Provides several alternatives and can incorporate multiple sources of risk
iIncluding, but not limited to contractor and material availability and scheduling.

230,000,000

220,000,000
210,000,000
200,000,000

190,000,000

Failure

180,000,000

170,000,000

160,000,000

Standard Deviation Total Cost of

150,000,000
40,000,000 45,000,000 50,000,000 55,000,000

Expected Total Cost of Failure

HRH © 2022 Applied Research Associates, Inc. ¢ ARA Proprietary 21

www.ara.com




' ‘ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
XY/

Communicate Results

« Cannot emphasize enough how important is communication and coordination.
* GAM program serves multiple groups and a wide range of purposes.

« Summarizing data-driven findings properly are the most critical to support decision
makers.

» Understanding the challenges with the decision-making process is critical to have a
realistic decision support tools
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Incorporating Process Improvements

A proactive GAM program should include an assessment procedure of benefits over time.
« Strategies and models should be revaluated over time.

* Develop dynamic models that update as more observations and data are available.

- Formal gap analysis is vital after a sufficient period of monitoring.
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Remarks

 GAM programs are at a very early stage and still not considered by all agencies.
* GAM is a tool to improve planning and should not be considered as a burden.
* There is a lot to be learned and improved from other established TAM programs.

« Geotechnical assets are unique due to their heterogeneity and their uncertainty should be
handled properly through robust models and technigques.
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