F)Q Optimization of Hydraulic Steel Structure Inspection Intervals Using Reinforecment Learning _Part 1 - Overview Travis Ford, PE, SPRAT [l

Contact:

Markov Decision P y N ’ Travis.Ford@hdrinc.com
arkov Decision Process N N ,_
RV o , , 303-323-9881

Introduction

Process applied to deterioration of radial
This work explores the application of algorithms (Tainter) gates on dams. The fundamentals of the 0.96 m T X =

born in the reinforcement learning branch of problem include structural inspection, structural @@ ?

artificial intelligence (Al) industry and applied deterioration, maintenance activities, maintenance

to hydraulic steel structure asset management. intervals, and condition states. Optimizing

Specifically, the use of a Partially Observable inspection intervals depends on much more than

Markov Decision just the condition of the structure.
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Corrosion Freckled rust. Section loss 1s evident | The condition Mathematical Engine - |ncorporating Bayesian Methods

1000 Corrosion of the steel | or pack rust 1s present | warrants a . - ; ; - —
(1000) has initiated. huf does not “,Eam structural Reference - Papakonstantinou 2014 # of Structures, Dimension and Type Corrosion Fatigue Condition

structural review. review to Condition State State
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arrested with effective | not warrant structural strer}gth or 4, 10' high x 20' wide Radial Gates Corrosion: 2 Fatigue: 3
arrest holes, doubling | review. serviceability

plates. or similar. of the element
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Little or no corrosion is present. The weathering steel is
coated uniformly and remains in excellent condition. Oxide
film is tightly adhered. The connectors (welds, rivets, etc.)
are sound.
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Surface rust or surface pitting has formed or is forming.
The weathering steel has not corroded beyond design
limits. Oxide film has a dusty to granular texture.

The deterioration models are used to calculate transition probabilities for
each deterioration matrix. For the Radial Gate Model 6 condition states were used
similar to ERDC-ITL-TR-09-4.

Steel has measurable section loss from corrosion but does | [E——
not warrant structural analysis. Oxide film is flaking (1/2
in. in diameter). Rusting between plates is beginning to
distress the connection. Minor swelling exists.

Visual Presentation of Value Funtion Output
Reference - Papakonstantinou 2014

Corrosion is advanced. Oxide film has a laminar texture
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with thin sheets of rust. Section loss is sufficient (<= 10% || = ’
of the total cross-sectional area) to warrant structural .
analysis to ascertain the impact on the ultimate strength
and/or serviceability of either the element or the HSS.
Rusting between plates has caused serious distress to the

connection. The plates may be badly distorted; however, all
connectors (rivets/bolts) are still functioning.

o5 secionl 160 s ot o wara S i ° ° so the cracking was lumped into what would be more 6. The modeling showed that early rehabilitations on
analysis to ascertain the impact on the ultimate strengt e ke P 3 . o . . o . .

and/or serviceabilty of either the element o the structure | 5 | ol FI n d I n g S appropriately called “Fatigue and Cracking”. structures can help curb the deterioration model early.
connection, which warrants analysis of the HSS to ae  ? This iS Opposite from What many asset Owners Often do

ascertain the impact on the serviceability of the HSS. s P . . 5
Some rivets or other connectors may have popped or are i 3. Older'rIVEtEd hyd raUIIC StrUCtU res ShOW Iess fatlgue o - 0
¥R but if done early on the deterioration curve the structure
benefits through its entire remaining life cycle vs. just the

. 1. The deterioration on structures with private owners was damage than welded structures.
faster compared to government due to maintenance and 4 The i . . )
.The inspection costs per gate and per square foot of last few years. Early retrofit work pays off in the long run
projected area varied depending on quantities. The more more than waiting.

operational policies.
2. There is a spike in fatigue deterioration between 60 ates or structures to inspect the lower the cost per item. .
; - = e SE - PEE . The higher the cost of an activity the less likely the For Further Details See:

and 70 years old which corresponds with the advent ed i : h bt of . . . =

of welding technology. A large percentage of the 5. More detailed inspections cost more but the benefit of a agent will choose it. If a failed condition state has a large o S . .

deterioration for fatigue,/cracking on radial gates is higher probability of detection can outweigh added cost. negative value the agent will take actions that keep it away USSD Publication: Optimization of Hydraulic Steel Structure Inspection
The model does not give up on better observation data from the expensive place. The higher the cost the more Intervals Using Reinforcement Learning_Part 1 - Overview

related to tack weld cracking. It is difficult to decipher even if it costs more , : S :
between a fatigue related tack weld crack and otherwise ' conservative the agent will be in its avoidance.
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