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National Institute of
Standards and Technology

Development of a Multiscale Monitoring and
Health Assessment Framework for Effective
Management of Levees and Flood-Control
Infrastructure Systems

Joint-Venture:
Rensselaer Polytechnic Institute
(M. Zeghal, T. Abdoun and B. Yazici)

and
Geocomp (A. M .
® Rensselaer P (A. Marr) Geocomp

NIST-TIP Program

* NIST: The National Institute of Standards and
Technology is a federal technology agency that
develops and promotes advanced
measurement, standards, and technology.

* TIP Program: Technology Innovation Program
supports innovation in the United States
through high-risk, high-reward research in areas
of critical national need and ensure our Nation’s
future through sustained technological.
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Project Vision and goals

Monitoring and Modeling Center Federal, State

and public users
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© GPS sensor and inSAR reflector

Project Goals

Develop integrated approach to monitor and
indicate health of a sprawling network of
levees to help decision makers manage safety

* Monitoring (Global and local scales):

— Global: InSAR

— High resolution — low cost GPS

— Local: Shape-Acceleration-Pore Pressure Array
* Data collection & data management

* Health Assessment
— sensors-aided model-based framework

(® Rensselaer
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Remote Sensing: INSAR

SAR: Synthetic Aperture Radar

Common Radar Frequency Bands
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Remote Sensing: INSAR
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Field Monitoring: GPS Development

1. Reduce hardware costs by an 9
order of magnitude (Currently
$12,000)

2. Develop algorithms to provide:

i.  High accuracy long term updates NG /

Goal: £ 1-2 mm in 24 hrs ‘! P
ii.  High accuracy ‘real time’ updates:
Goal: <+15mmin1hr

o @ Renssclaer

Field Monitoring: SAP Development

Wireless Sensor
Array for 3D
Deformation &
Acceleration
Measurements
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Full Scale Levee Testing (lJkdijk)
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Field Monitoring: SAP Development
SAA / PZ Array

17 PVC 1" PVC

SwellGel:

<1mm to 6mm in ~60s
Used in FO cable industry,
in tape form.

SwellGel
Pz
Pz
PZs at
PZ@tip intervals,
SwellGel

(® Rensselaer

between
M www.Measurand.com

Filed Implementations

Site Descriptions:
1. Western Tie-In
Levee section on virgin ground
Settlement > 3’ expected
. WBV 14e
TLevee section — protected side shift
Settlement .> 3’
. Eastern Tie-In
Tevee section on Virgin Ground
Settlement .> 3
. Outfall Canals I-walls
Potential for lateral movement
. St. Bernard T-walls
Differential settlement between levee and
T-Wall expected
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NEAR ; ; FAR (Non:
(Cable End) Cable End)
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Site #4 — St. Bernard Parish T-Wall
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Data collection & Data Management

i | - M B

—_
Geocomp
products Web Enabled

FIELD SYSTEMS Settings

WWww.geocomp.com from sensor to screen

Geocomp

Representative infrastructure monitoring projects:
»  Central Artery Tunnel Project, Boston

+  CVN Dry Dock Repairs

«  Dulles Intl. Airport, Washington DC

+ East Side Access Monitoring, NYC

» Hickory Log Creek Dam, Canton GA

+ lowa DOT - FHWA Embankment

»  Kentucky Lock and Dam

«  South Ferry Terminal, NYC

*  Woodrow Wilson Bridge, Washington DC

+  World Trade Center Reconstruction, NYC

«  Tobin Bridge, Boston MA

+ 1-10 Bridge in New Orleans

»  Sakonnet Bridge, RI

+ 1-90 Bridge, Washington

« 1-20 Bridge, Vicksburg, MS

+ Dorchester CSO tunnel, Boston

»  Northshore Connector Subway, Pittsburgh

» 70 corroding retaining walls Utah

*  Multiple corroding retaining walls, Canada

+ Subsidence from gas withdrawal, Bomba Dam, Italy
- 2nd Avenue Subway, NYC

«  Sunnyside Yards rail services intersections, NYC
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Sensor Aided Global Health

Assessment ”Zy

Global levee model: 2D shear beam

e Strip mode INSAR measurements
3-5M

N MR A A

Fint (d, p) _ Fext — Funblnc

d: measured displacements p

P =P(G,G(y),..)

unblnc

_) min HFinterior nodes
P

optm

Sensor Aided Intermediate HeaIt
Assessment "

Intermediate levee model: 2D and 3D

e Spotlight mode InSAR and GPS measurements
© GPS measurements

e Location of INSAR displacement measurement

Weak layer

@ Rﬁnsselaer © GPS sensor location
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Sensor Aided Intermediate Health
Assessment

Measured surface displacements used as control motion

Weak layer

® Location of surface displacement measurement (InSAR, GPS)

(® Rensselaer

Sensor Aided Local Health Assessment

Local Instrumentation
* CMP: Control Motion ,;ﬁ::l — )
Approach (prescribed motion ~ ™
at all sensor “node” locations,
ElImekaty and Zeghal)

¢ CMP Finite Element
formulation

o
(O | Boundary node

(® Rensselaer

10



UrbanFlood Workshop Amsterdam 2010 -

November 11/12

Sensor Aided Model-based Health
Assessment

Accelerometer

Shape Acceleraiion Amay
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Thank You!
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