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Overview

Persistent Scour Monitoring
What is Infrasound?
Previous Research Efforts

Current Research
» Urban Infrasound
» Portugues Dam, Ponce, Puerto Rico
» Infrasound for Scour Detection and Assessment

Feather River Bridge
» Array set up
» Data collection
» Signal Processing and Data Analysis

Future Research Efforts
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Persistent Scour Monitoring
Current Practice

» As the Iinfrastructure of the U.S. ages, issues
with scour and unknown foundations are
becoming increasingly prominent.

= A more cost effective allocation of resources
must be found to better define and monitor
critical structures as well as prioritize
rehabllitation and construction efforts.
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Persistent Scour Monitoring
Current Practice

Both scour critical bridges and bridges with unknown
foundations require a Plan of Action (POA) that typically
Involves additional monitoring.

» Visual/physical inspection
» Discrete point in time that does not capture scour’s cyclical nature
e Cannot be conducted during high flow events when scour is most critical

» Instrumentation (portable or fixed monitoring systems)
» High velocity flows
* Debris
» |ce forces
* Sediment loading
e Severe water temperatures
» Vandalism
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Presenter
Presentation Notes
1.) The most common cause of bridge failures in the U.S. is the scouring of bed material from around bridge foundations due to flooding.
2.) According to 2011 NBI data, the nation’s inventory includes approximately: 
25,090 scour critical bridges 
42,200 bridges with unknown foundations
3.) Of the approximately 20,900 bridges listed in the NBI as scour critical in 2009, less than 0.6% had been or were currently being monitored with fixed monitoring systems (“Monitoring of Scour Critical Bridges.” National Cooperative Highway Research Program, Synthesis 396).




Persistent Scour Monitoring
Complimentary Approach

* |deally, monitoring of scour critical bridges would:
» Be done remotely and cost effectively
» Provide continuous monitoring
» Provide data and warning when scour is most critical

* |nitial proof of concept studies show that infrasound
shows promise as a complementary approach in the
persistent monitoring of critical bridges.
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Presenter
Presentation Notes
Ideally, monitoring of scour critical bridges would:
Be done remotely and cost effectively (eliminating many common monitoring problems)
Provide continuous monitoring (as opposed to discrete points in time for on-site inspections)
Provide data and warning when scour is most critical (protecting personnel and providing an accurate representation of scour)



What I1s infrasound?

Infrasound is a low frequency, sub-audible sound propagated over long
distances and typically within the 0.1 to 20 Hz range.

Low frequency acoustics (0.01 — 20 Hz)

created by: '
» Volcanoes =000 etk mu;-iﬂ

Earthquakes S
Explosions in the atmosphere
Sub-surface explosions

Surf

Missiles

Rockets

Urban Noise

Large Infrastructure
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Structures generate coupled low
frequency acoustics as
fundamental modes of motion.
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What i1s Infrasound?
Challenges

= Terrain Interaction

= Meteorological Effects
= Propagation Physics .“
= Adaptation of Signal Processing
= Urban Environment ”

Effects

- Terrain

Propagation
— Physics Interaction Urban

Environment




Previous Research:
Ft. Leonard Wood Truss Bridge

Information about a structure i1s contained In its 7.42 Hz

modal signatures.
FLW Bridge over the Z#*
Little Piney River in Ft. g
Leonard Wood, MO. K
With monitoring

Airport Array at 1130 GMT, calib = 2.167e-7 Pa/cts

infrasound arrays at ooal —
distances up to 26 km. .
-0.02

Complex sources 11:30; ATTT 11313 11:30:14 \11:30:16  11:30:18
signals such as those T ool - - ]
from bridges may travel ¢ °J\MWMW\/\/W/W/M\\WW
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energy pathways, but £ fraos 101 1113 113014 fi1aode  110:18
through very complex 0.02]
atmospheres. 0
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Previous Research:
Bridge-Barge Impact I-20 MS River Bridge
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Urban Infrasound Monitoring

Sunset Ciffs

Patad

and U’rban"sprawl

PUI‘QOSG
Improve the understanding of how to monitor infrasound sources in urban

environments; specifically source generation mechanisms, propagation path

effects and distinguishability of specific sources

Results:

= TTPs for deploying arrays in various levels of urban buildup

= Improved urban terrain modeling techniques to reduce required detail
needed for modeling of the urban scape

= Trends for acoustical field levels for seasonal variations, environment
variations and variations of urban buildup

= Techniques for monitoring infrasound sources in urban environments

7 Coppell N

Dall aS"eArr

Example Rooftop Deployment

=
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Rapid remote assessment of infrastructure for support to Force

Projection, Early Entry, and Humanitarian Assistance and
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Model Scene vs. Reality
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Data Analysis
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* Trend analysis
» |dentification and
verification of sources
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Provide standard program marketing slide.


Portugues Dam Infrasound Assessment

Research Objectives

= Allows for persistent surveillance of
various structures of interest

= Provides a unique opportunity to study a
dam empty, while filling, and during
operation.

= Strategic deployments of infrasound

sensors/arrays over the course of all four

seasons before and after the opening of

the dam will provide a seasonally variable

database.

SIAM CPBBR ARRAY
PORTUGUES DAM
s ° nh

zebo Array

SIAM GAZEBO ARRAY

7 o

Approach

Analytical Model
» Develop model to assist in testing
» Extend to model infrasound propagation

Field Experiment

= Data Collection Methods
» 3 Infrasound Arrays with Met Stations
= 3 Strong Motion Gauges
= 21 Accelerometers on crest of dam

= Modal frequencies and mode shapes
» Cold Gas Thruster (CGT) Impulse

= Performance indicators
= Response amplitudes

Overview Map

SIAM CERRILLO ARRAY




Infrasound for Scour Detection and Assessment
Purpose:

= Provide persistent standoff assessment and
monitoring for the purpose of stability analysis,
structural health monitoring, and failure
phenomenon analysis in both military and civil
works applications utilizing infrasound as a
means of scour detection/assessment.

Results:

= Remotely detect and assess scour of bridge
piers and abutments

UNCLASSIFIED -‘—;:?;' b_- - ‘ . \ ' _' X Pa.! Off:
e iy S = Protection for soldiers, systems, and critical
assets during movement of troops and
supplies

= Protection for general populous and first
responders following natural disasters
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Infrasound for Scour Detection at Br 18-0009

Why this bridge?

Bridge 18-0009 has a known, well-
documented scour issue. There is
also a significant amount of data for
the structure for model calibration.

Bridge ID: 18-0009 Feather River - Upstream 03-Yub/Sut-020-17.0

Research Objectives

Record and analyze infrasound and seismic records for
Bridge 18-0009 located on Route 20 over the Feather River
in Sutter County, CA between Yuba City and Marysville.

Differentiate between the infrasound signals from the bridge
of interest and the other bridges in the surrounding area.

Model the local and near-regional infrasound propagation
and the source mechanics of the vibrating bridge.

Localize specific piers of the bridge in an attempt to
differentiate signals from shallow foundations vs. deep

foundations. -
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Array Locations for the Feather River Bridge
Deployment

» 3 SIAM arrays ranging from
~2 km to ~24 km
» Weather balloon launches
. from the airport array

BealelAFB
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Infrasound Array and Layout
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Feather River Bridge Data Analysis

= Continuous-wave signal at
fundamental mode of bridge, which
varies with time

= First order processing completed with
InfraTool and GeoTool

» InfraTool to identify coherent signals
on multiple channels and direction of
signal

» Geotool to explore signal
characteristics
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Feather River Bridge Data Analysis

Structural FEM
modal analysis
results align with
observed
infrasound
signals

Infrasound

Feather River Cemtery Example Signal - 1 Mar 2014 - FFT
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Structural Source Confirmation Method.:

1. Confirm backazimuth of source

2. Determine if observed infrasound signal
frequencies aligns with expected modal

frequencies of structure
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Future Research Efforts

= Future efforts include:
» Continued data processing
» Model refinement

» Signal processing focused on the retrofitted
piers

» A second field deployment with additional
Instrumentation
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