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Earthquake Scenarios

CSZ Full Rupture

https://earthquake.usgs.gov/scenarios/
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Numerous Bridges

Region Number
of Bridges
United
States 620 k
California 26k
Washington
State 8.5k
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National Bridge Inventory (NBI)

= Identification & Location e Recording and Coding

usosarmen — GUIDE for the Structure
away  INVentory and Appraisal

s Clearance LT of the Nation's Bridges
s Traffic

= Inspection

= Funding/Owner

= Limited Structural Info.

Structure Type
Material

Maximum Span Length
Deck Width
Construction Year

Report No. FHWA-PD-96-001




Strategies

= Detailed Review of Bridge Drawings
Labor intensive / difficult to automate
Unclear or incomplete drawings

= General Curves Based on NBI (HAZUS)

Missing key properties
Large dispersion

= Rapid Visual Screening (Street View)
External geometry
= Extrapolate from NBI with Machine

Learning
Start with key column properties
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Overview of Strategy

National Bridge Inventory Detailed Bridge Database
(~8000 Bridges) (~800 Bridges)
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Column Type
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Year Constructed

140 — Construction of
Interstate System
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Count

Count

Columns per Bent Column Minimum Aspect Ratio
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Spacing of Transverse
Reinforcement
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Performance

Columns per bent Minimum Aspect Ratio

Model RMSE + SE R? + SE RMSE 1+ SE R? + SE
Decision Trees 1.285 + 0,054 0.238 + 0.069 2,130 £ 0.062 0.194 £ 0.033
Random Forests 0.976 £+ 0.033 0.570 £ 0.015 | 1.818 + 0.046 (0.415 £ 0.015
Support Vector Machines 1.100 £ 0.036  0.454 £+ 0.019 2073 £ 0.058  0.240 £+ 0.021
Gradient Boosting 0,972 £+ 0.019 0.573 £+ 0.020 1.864 £+ 0.021 0.385 £ 0.012
Neural Networks 1345 + 0,020 0181 4+ 0.029 | 2.131 £+ 0.012  0.197 + 0.014
AutoML 0.945 + 0.029  0.598 £+ 0.011 1.853 £ 0.047 0.393 £ 0.016

Longitudinal Reinforcement Ratio | Transverse Reinforcement Ratio
Model RMSE + SE R? + SE RMSE + SE R? + SE
Decision Trees (0LO07E9 L+ 0.0003 0,000 £ 0.020 0.00248 £+ 0.000 0.519 £ 0.044
Random Forests 0.00730 £ 0.0003 0.138 £ 0.034 0.00173 + 0.000 @% 0.022
Support Vector Machines | 0.00782 4 0.0003 0.019 £+ 0.014 0.00241 £ (0.000 0.544 4+ 0.037
Gradient Boosting 0.00744 + 0.014 0.108 £ 0.028 0.00174 £+ 0.037 0.762 £ 0.020
Neural Networks 0.00786 £ 0.028 0.007 £+ 0.018 0.00221 £ 0.020 0.623 £ 0.020
AutoML 0.00724 + 0.000 0.154 3 0.027 (LOD1ITS £ 0.000 0.762 £+ 0.019
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AutoGluon Usually Best, Followed by Random Forests



Auto ML Algorithm Weights

Longitudinal Reinforcement Ratio

Columns per Bent
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eature Importance

Columns per Bent
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Application to Shear Failure Index
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Performance of Shear-Failure Index

Variation of Failure Type with Value of SFI
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Finding Shear-Critical Columns

—8— Perfect Knowledge
—#— NBI + Best KBC Predictions
—%— (Calculated SCCI from KBC Predictions
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Include L/D as Feature (street-view)
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Conclusions

= AutoGluon Best Performance Overall
Repeated sampling (10)
Tool for identifying best algorithms
Tool for guiding pre-processing

= Performance Varied Greatly with Target
Insights into highest contributions

= Predictions of Shear Failure
Best at identifying subset of critical columns
Performance improved with added information
Combine with StreetView?
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