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Implementation of Geotechnical Asset Management
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Why manage geotechnical assets?

* Assets have life-cycle expectations

— Whether those expectations are explicitly
defined or not

« Geotechnical assets contribute measurable
value to a transportation network

— Mobility and economic vitality, safety
performance, and asset condition costs




Starting GAM Connecting to TAM Steps to Success

ImagernylDate:19/201788842218;51°28 1IN 8820071

Google Street View: September 2017



Starting GAM Connecting to TAM Steps to Success

For Any Asset

At any time In the operational phase, an
owner will select one of the following
treatment actions for each asset:

 Reconstruct
 Rehabillitate
 Maintain

DO minimum

— Do minimum can be a planned decision or the
default action in the absence of GAM
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Do Minimum Asset Management

on Sept. 4, 2018, work to remove debris and replace a concrete wall that collapsed along Route 45 between a

1e Route 137 overpass. (Lake County Sheriff's Office)

|E Full coverage

Top coverage

@ Chicago Daily Herald

Route 45 closed in Libertyville; railroad bridge
retaining wall collapses

September 3-4, 2018: ~18 hour closure for 28,700
ADT highway, emergency cleanup, and a TBD ;
determined reconstruction/recovery cost Tona v e RS

today
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There is a cost of delaying GAM

Avoliding asset management does not eliminate
the treatment decision or resulting consequence
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Shifting from Legacy Practices

* Geotechnical assets # liabilities or hazards
— Manage like other assets and avoid disruptive liabilities

« Geotechnical assets satisfy:
— The definition of asset per AASHTO
— International Organization of Standards (ISO) definition

« Geotechnical assets are managed assets in other
countries and infrastructure systems

— There Is a precedent and benefits are being realized:

>230,000 slope and embankment assets manaqged
for U.K. Highway and Network Raill agencies
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Asset Management Overview

» Goal of asset management (any asset):

— To align asset design, operation, maintenance,
and upgrade decisions with the goals and
objectives of the agency

* Much more than bridges and pavements

— In 2004, first international standardization process
across 50 public and private entities in 15 sectors
and 10 countries

— Many guidance resources available

12
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Financial responsibility for GAM

 Without GAM:

— Accepting unknown levels of risk to safety,
mobility, and economic vitality while potentially
making unfavorable life-cycle investments

» With GAM:

— Stewardship of taxpayer funds

— Good business practice for making investment
decisions with limited funds

— Can evaluate potential changes with time due to
agency investment options and external threats

13
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Managing Risk with GAM

Yl e Risk 1
i1 Terminationi
Accepted AR i 1
Risk R Implementation ! Treatment |
& - : :
Associated : !
- oo « | [ Tianster "3
% and v N
E i Unknown E
onsequences _ Remaining
Mag';:: Lde » Risk - Accepted
Not Known Remaining Known
Risk - Residual
Risk
Reactionary Geotechnical Implementation of Geotechnical
Asset Treatment Asset Managment

e Measure and communicate risk levels

— Move from an unquantified “thing” to a known
and accepted residual risk
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What 1s a Geotechnical Asset?

» Geotechnical assets are the retaining
walls, slopes, embankments, and
subgrades that contribute to the ability of
an agency to perform the strategic mission

— The asset does not need to be distressed!

15
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Retaining Walls: constructed structures that hold back natural soil or
rock or engineered materials to prevent sliding of material onto a
roadway or other structure, or support a roadway.
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Embankments: constructed earth fill comprised of soil or mixtures of
rock and soil that enables a roadway to maintain a required design

elevation above lower lying ground.

[Embankment

ROADWAY
<—— FILLSLOPE

CONSTRUCTED EARTHWORK FILL

——

EMBANKMENT TOE

NATURAL GROUND

Partial Embankment

ROADWAY

CONSTRUCTED
EARTHWORK
FILL

Hmin = 10ft.

ORIGINAL GROUND

17



Starting GAM

Connecting to TAM

Steps to Success

Slopes: A permanently excavated slope (a cut-slope) that is
Incorporated into the roadway template and within the ROW, easement,

or other property boundary.

Soil Cut Slope |

H min =10 ft.

Rock Cut Slope |

ROADWAY

H min = 10 ft. <—— CUT SLOPE IN ROCK

Mixed Soil & Rock Cut Slope |

CUT SLOPE IN SOIL ———>

H min =10 ft.

CUT SLOPE IN ROCK —>

ROADWAY

o
SOIL LAYER

BEDROCK
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Subgrades: constructed earth material below the engineered
pavement layers that creates a life-cycle management need.

| Improved Subgrade | | Ground Improvement Subgrade |

ENGINEERED PAVEMENT MATERIALS

NATURAL GROUND

| ROADWAY | 1 ROADWAY |
ENGINEERED PAVEMENT MATERIALS

CONSTRUCTED EARTHWORK ASSET

TO TREAT NATURAL SOIL HAZARD

I - : : : ]
GROUND IMPROVEMENT ZONE TO MITIGATE
GROUND MOVEMENT HAZARD
J

P N
N B

N
A. Make cavity. B. Place stone C. Ramstone  D.Place and ram thin
at bottom to form lifts to form undulated-
of cavity. bottom bulb.  sided shaft.
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GAM Taxonomy Formulation

cse Knowledge
Equipment

MNon- Physical
Asset

(EE RN RN RNN)
.

Structures/
Private Walls, etc.

LAR]  Material Sites

. IR Stockpiles or Other

Corridor Beyond ROW IR\ o\, o) Hazard Sites
Function Feature

LER]  Water Bodies

.
.
-
-
-
L]
-
.
L]

Physical
Asset

sssscsans LER  Culvert Asset

LB Natural Slopes

LEX] Pavement Asset

Tunnel Asset

Other Asset Types

see ROW Asset LEEXER] with Geotechnical REEEKEKXN  Bridge Asset

. Elements i Rock

. .

. “es Soil

[ L]

. .. .

: Geotechinical veee slope celus Modified*

Asset

bR Earthwork Fill

L]
L]
Embankment & :
] Modified®

Subgrade sssee Rock

* Modified slope, embankment, and subgrade geotechnical assets
contain non-earth inclusions such as
anchorages, reinforcements, protection elements,
or ground improvements.

.. Soil

IR R NN NN

LR Retaining Walls LA Modified*
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Role of Agency Boundary

« Assets within the boundary
- Geo-assets are owned and maintained by agency
o Generally full control — like bridges and pavements

« Hazards originating beyond the boundary
- Not owned, but possibly managed through reactive means
- Often associated with a natural hazard site — a geohazard
- Best considered a “beyond the ROW” feature
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Geohazards

Geohazards result from geotechnical, hydrotechnical, tectonic, and snow
and ice processes — such as subsidence, landslides, debris flows,
erosion, flooding, liguefaction, avalanche and permafrost degradation.
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Role of ROW/Boundary

* Assets in the ROW — Designed,
Constructed, and Maintained by Agency

Deteriorating embankment Wall and Slope (rock cut) on
within ROW ROW and within boundary

23
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Comparing Geotechnical Assets and
Beyond the ROW features

Rockfall originating from the slope
asset above is due to physical
deterioration of a cut made by the
agency and also the O&M
responsibility of the agency

24

Rockfall originating from the
natural cliffs above are natural
events that may effect O&M
but also would have occurred
with or without the highway
being present
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Life-Cycle for Starting GAM

Feedback from Oing

Executive Staff f\nslgpotvaend Ong M

Across Agency n GA
Processes

ommunicate
Potential
Benefits

Focus on starting GAM over certainty and
complexity in TAM steps

—
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AASHTO Asset Management Steps

Objectives
and
Measures

Investment ' Inventory and
Strategies Condition

Performance
Gap
Identification

Life-Cycle

Ongoing =yl
activities and

process
Improvements
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Starting with a Simple GAM Workflow

Deploy Life-Cycle Cost Tool for
Project/Site Level

Decision Support (Chapter 8).
CONGRATULATIONS on Starting GAM in Design!

Use

Form Multidisciplinary GAM
Stakeholder Working Group

Meet with Key
Stakehclders
to Communicate
GAM
Purpose & Need

Confirm Objectives
for Asset Caondition,
Safety Impacts, &
Maobility/Economic
Consequences

Communicate Results of
Assessment Outcomes
{Based on Stakeholder

Perspective)

1

GAM
Planner

!

[Step1 1]

Identify & Locate

Set Continue

Performance Inventory
Goals & Assessment
Assign
Maintenance
Condition
CONGRATULATIONS!
First GAM Assessment is Assign Safety &

COMPLETE! € | Mobility/Economic | €

Continue with Ongoing
Asset Management

Consequence Levels

27
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The GAM Planner Tool

NCHRP Project 24-46 GAM Planner 4/2/18

ASSET MODEL ADMINISTRATION ASSET DATA
Opens warksheet to enter or edit information for an Mumber of Assel Models T
assel model. You will be asked 10 name the model Create Asset Model Mumber of Assels 10
if ereating a new model, or 1o select an exsling '
| i ading or daleting & madel Assel Reconstruction Value 58,500,000
Edit Asset Model
% of Segmants by Level of Risk % of Value by Level of Risk
0% 0%
Delete Asset Model ma
400, 5% £
y ’ o]
Opens the Invenlory workshest o enter o edit "‘\ ; Ao b
information for the inventory of assels. Edit Inventory ~— mE
10%
AMNALYSIS RESULTS
Opens the Summary Resulls worksheet
10 enter budgets by year and view LT s Initial Neads 547,500
summary results. Spant Over 10 Years 50
Opens the Detalled Resulls worsksheat Remaining Backlog 50
to show details on a selected asset. Detailed Results

* Will be part of upcoming Geotechnical Asset
Management Implementation Manual

28
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GAM Planner Risk Process

 Likelihood estimate:
— Operation and maintenance condition input
— Condition is a 1 to 5 scale of likelihood with a 5

Indicating the

nighest probabllity estimate

No Work Recommended or Agency Costs (<1% chance of adverse event in assessment year)

of uired or Minor Condition Loss Occuring
io idel I > Incidental annual mp!mninggf'hsejﬂs-bf a few hours of staff time or <5500 of other costs.
ore than F n
Incidental Work ds

oooooooooooooo
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GAM Planner Risk Process

« Consequence Inputs
— Safety consequence level
— Mobility and Economic conseguence level
— Both use similar 1 through 5 scale

No Impact Possible/No Accident History

Asset Can . o L T
Afiest Risduiay Impact only to Shoulder and Does Not Reach Travel Lane(s)
Asset Can Impact | Avoidable of Limited to Driver Distraction

a Travel Lane AVoldabie or Limited 1o Urver Uistraction

Collison with Asset
Related Debris Possible

{ © l
o | [Domomns, |
3

0
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Connecting GAM to TAM

 GAM must be a sound business process
with measurable outcomes for success

» Enabling success through:

— Connecting asset performance to customer
perspectives
 How are users impacted?

— Connecting asset performance to agency
executives

* How is the agency impacted?

32
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GAM Measure — Level of Risk (LOR)

LOR: A single measure
that connects with several
executive and customer
measures and objectives

Missed Life Cycle
Cost Savings

Level of Risk (LOR) is
a metric determined in
GAM Planner process

33
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GAM Measure — Level of Risk

LOR =C

« Examples of different LOR assets

34
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Customer Measures

« Can your agency measure the following?

— Safety incidents associated with geotechnical
asset performance

— Hours of closure and delay associated with
geotechnical asset performance

— O&M costs for assets

35
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Technical Measure Options

* Internal measures that relate to
geotechnical performance characteristics

» Using GAM Planner, example measures:
— % of segments in each O&M Condition Level

— % of segments in each Safety Risk
Consequence Level

— % of segments in each Mobility and Economic
Consequence Level

36
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Enabling GAM Success

Staff and Team

m—

* Optional and

Treatment Planning ﬂ 6X| b I e
— approaches
GAM in Design

towards enabling
_4 GAM success
m—

GAM Plan

Management In Your Agency

Successful Implementation of
Geotechnical Asset Management
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Organization Structure

« Advanced programs have individuals who
have full time capacity for GAM

— Aspirational goal that limit distractions from
typical design or construction duties

* Implementation Manual recommends
designation of a geotechnical asset manager
who interacts with TAM program

39
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Treatment Planning

Risk Investment
sInvestment Needs Management =Concentration of Prioritization »Maintain,
*Initial Treatment *Treatment Risk sLife Cycle Cost Rehabilitation, and
Recommendation Optimization sTarget Risk Levels Analysis Reconstruction
; Projects
*Other Mangement *Source of Risk *Benefit-Cost :
Approaches Analysis

Inventory and Candidate

Risk
Prioritization

Assessment Treatments

» Several approaches to prioritize treatments

and enable GAM acceptance and investment
support

40
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Why Prioritize GAM Planning

 GAM will likely indicate needs far exceed
reasonable investment strategies

« Additional prioritization steps guide the
process to treatments that provide the
greatest value to the organization
— Objectives will vary by agency and by time

within an agency so flexibility is necessary for
sustained success

41
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Risk Prioritization

* Risk Prioritization Is
beneficial process
for identifying and
guiding treatment
decisions that align
with executive and
stakeholder interest
areas

Impacts

Acceptable Risk
Exposure Level

Risk
Concentration

GAM
Treatment
Prioritization
High Value/ Approach
Critical Routes

42
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Life-Cycle Investment
Prioritization

* Used in GAM Implementation:

— Comparison of treatment alternatives at the
asset/segment level to identify the optimum
options from an economic perspective

— Project level analysis can be performed to
optimize investment decision

43
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Project Level NPV

Embankment Reconstruction
Option 1 Option 2
Gentle Side Steep Side
Slopes with Slopes within
Cost Type Cost Description ROW Purchase ROW
Design Cost Des'gb” needs are similar $10,000 $10,000
etween options
Option 1 requires
ROW Cost purchase of ROW $20,000 0
Construction More embankment
Cost material required for $100,000 $80,000
Option 1
Total Initial Cost Year O cost $130,000 $90,000
Option 2 O&M cost is
three times greater due
Annual to ne_ed for erosion $1,000 $3,000
Maintenance repairs on steeper
slopes and roadway
barrier maintenance
50-year Present | Costin current dollars for
Worth Value of 50 years of annual
Annual maintenance using a 4% $21,500 $66,500
Maintenance discount rate
Net Present Sum of initial and annual
maintenance costs in $151,500 $156,500
Value
current dollars

« Implementation Manual includes Microsoft Excel
worksheet with a NPV analysis framework
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Data Driven Treatment Decisions

« GAM Is a voluntary process that must
compete on business case

 Guide staff to be able to answer the
guestion:

“If given $X amount of dollars, what can be
done for the greatest return of investment?”

Start small - ???

45
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Incorporating GAM in Design

* For new assets and rehabilitation decisions
designers can consider questions such as:
— What is the desired life of the asset?

— What is the estimated O&M cost for option?

— What are the agency O&M capabilities and
resources?

— What design changes can influence life-cycle
cost?

46
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Incorporating GAM In Design

% of Life Cycle Costs
Set By Decisions

CONSTRUCTION OPERATION & MAINTENANCE

SCOPING | PRELIMINARY | FINAL |
i DESIGN | DESIGN

Life Cycle Phase

« Up to 80% of life-cycle cost may be locked in by
preconstruction decisions
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Questions?

48



