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High Probability — Low Conseguence
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Consequence

Medium
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Capacity and Demand

Capacity vs Demand

Engineering & Consulting Services

——Capacity

30 40 50

Asset Age
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Asset Adequacy

Capacity/Demand vs Reliability
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Demand Capacity
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US Army Corps of Engineering
EC 1110-2-6062

Reliability and Probability of
Unsatisfactory Performance

Engineering & Consulting Services

= =Probability of
Unsatisfactory

Performance
— Reliability

Time (years)

$Risk = PUP x $Consequences
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Consider a Culvert
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Two Failure Modes
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Corrosion Simulation

Simulation of corrosion propagation:
Number of corroding spots
Increasing with time

Engineering & Consulting Services

Evolution of local corrosion rates
and local section losses




Rebar Section Loss Simulations

Steel section
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Predicted Asset Reliability

Capacity/Demand vs Reliability
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Both Material Degradation and Design
Event Contribute to Pup

Annual Probability of Unsatisfactory Performance
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10 15 20 25

s+« &+ Annual Probability of Design Event Annual Pup due to deterioration = Combined Annual Pup

Year in LCC Analysis Period
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il Consequences of Failure?

4 ° Direct Consequences — replace culvert,
# embankment, pavement.

1 . Addition detour based travel costs: 465
AADT, 1% Growth, 460km detour, 15 day
replacement period

* In this example Consequences = $3.225 m

$Risk in year 1 = 0.0333 x $3.225 m = $130K
over 30 years 0.64 x $3.225m = $2 m
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Life Cycle Cost for Replacement

Return
Pd

Initial Cost

Present Value Cost
Replacement in 60 Years!

Present Value Cost for
100 Year Analysis Period

$

$

757,000

834,000

847,000

915,000

$
$
$ 933,000
$ 1,008,000




What Should Be Done?

4 - What Storm Event would be designed for?
4 - What can be economically justified?

LCCA I
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Multi-strategy LCCA Informs Design
Decision

Benefits of Infrastructure Resiliency
(assuming no further climate change)
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Event Return Period
« =PV Risk ====PVY Cost of Asset Improvement = = PV SRisk Reduction m— Net PV SBenefit

Figure 5 — PV Asset Strategy Costs Compared to PV $Risk at Different Return Periods
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Add future climate change

B1: 2011-2030

Engineering & Consulting Services

BS

A1B: 2080-2099
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Using Multiple Climate Models
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And Monte Carlo Simulations to produce
Probability of an event return period
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Change in Event Probability as Climate
Evolves

Annual Pup - 30 Year Event Return Period

0
{¢h)
ks
>
S
(¢B)
(0p)
(@)
jon
=
>
(%))
oo
(@)
O
o3
(®))]
oot
HES
(<5}
(<}
=
(@)
feo
L

0 5 10 15 20 25 30
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LCCA informs Asset Managers

Benefits of Infrastructure Resiliency
(considering future climate change)
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i Summary

| - Requires monetizing $Risk
4 - Justifies Capital Expenditure

H - Applicable to Geo-hazards, Avalanches
and Seismic events

* Forms the Basis for LCCA Comparisons
Across a Portfolio of Assets
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