CGSIC 49" Meeting Savannah Georgia

Reference Station Networks: Beyond Surveying."

SHM
Structural Health Monitoring

Managing the nations' bridge infrastructure

Advance technology for safety, productivity, and low costs

SHIME oo scmncee James Stowell

(canary

AllSafe Engineering



sData Acquisition Systems for Demanding Environments

A (very) Brief History

Company Formed Jan 1997
Mission: Provide System Integration Services for
Geotechnical Engineering Market with Integrated
Software

Multilogger” released Nov 1997
“MultiloggerDB” released 2001
e “MLWeDb” released 2006
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sData Acquisition Systems for Demanding Environments

What Are We Doing?

Building Campbell/Data Based Systems
Developing Hardware Peripherals (control box)
Developing Integrated Software (GPS/TPS/IPS)

Connect over 800+ instruments “simultaneously”
and alarming
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sData Acquisition Systems for Demanding Environments

Customers

Software: MultiLogger licenses 750+ (customers)
Hardware: Managing 3000 MCU'’s, (box Controller)

Top 100 hundred Engineering Companies World Wide

[{sm om ——
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sData Acquisition Systems for Demanding Environments

Who Are We Doing It For?

e Government — USACE/ USA

e Consulting Engineering Firms

e Engineering Companies/ URS/ ARCADIS
e Utilities - TVA/PG&E/etc.

e State DOTs
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e Same Instruments
+ GPS e
e TPS

+ IPS (inclinometers)

+ Weather stations

+ over 100 different types of Geotechnical
Instruments

“Bridging the Gap Geodesy to Civil Engineerin

(canary
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Data Acquisition Systems for Demanding Environments

Chickamauga Lock Project Example

Instrumentation Includes (approximately):

e (44) Vibrating Wire Crackmeters

e (128) Vibrating Wire Extensometers

* (30) Vibrating Wire Growthmeters

e (180) Vibrating Wire Inclinometers and Tiltmeters
e (10) Vibrating Wire Jointmeters

e (12) Applied Geomechanics Tiltmeters

e (44) Vibrating Wire Piezometers and Uplift Cells

e (135) Vibrating Wire Stressmeters

e (258) Vibrating Wire Overcore Stress Cells

e (10) RXTX Optical Pendulums

e (13) CR10X & CR1000 Based Monitoring Systems
e (2) VW Comm Module Wireless Vibrating Wire Systems

e (1) Leica TCRP1201 Total Station with 20 Circular Prisms and 2
Reference Prisms

e (24) Manually Recorded Survey Markers
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CANARY SOFTWARE

DATA ACOUISITION SYSTEMS AND SOFTVWARE FOR DEMANDING ENVIRONMEMNTS SIMCE 1967

S STRUCTURAL HEALTH
MONITORING SERVICES®

e AllSafe Engineering

DATA ACOUIEITION SYSTEME AND SOFTWARE FOR DEMANDING ENVIRONMENTE EINCE 1967

CANARYS O[5 TG

Canary Systems [ntegrated Software Solutions

Ore of the key components 1o defver the value of the iwestmant in your monitor-
ing system is the sokWars ta maks it all Wark. 'With decades of collective =xperi
eno= Warking Wich instrumentation and systems of mary types deployed at
hurdreds of plajacts World-#ide We heve the expefiznce ta understand botW the
software should Work to maximize this value. W'e develop irrhouse sl of the

3 i software We sell With the exception af the Firebird S0L databa g2 sefvel, and afe
e 1 —k cortinua ly enbancing it ta provide bettsr values Wich sach new version. W slsa

=l | W -, _— unidefstand that it isn't just sbout devalaping Waorld-class softWare, buk praviding
|- = i suppalt atter the sale that furthel” enhances the value of youl investment. Wa
m stand behind cur Work snd look far#srd t= halping yau with yaur menitzling

- sysbems and softWalel
Comry Spetom s M Wb
Wimit warwe Comry Syrioms com i find coimore and downlosd dome sof e,

CANARY SYSTEMS SOFTWARE INTEGRATION

:.' Drats Aeduisition
= Systams

Web Clfent
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INTEGRATED
SOFTWARE
SOLUTIONS

Windows Clent
Diata A coass

Process Collected
Data Files
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oA Network Control Center

eEach GPS Station streams
data to the Network
Control Center via high
speed data lines Data
integrity is monitored
continuously 3D precision
+10 mm
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»
[ |

%




Q-0-HRBPked B )

AHeBpanTechnologid

Data Graph

0.008000

0.00790C

0.00780C

0.00770C

0.00760C

0.00750C

STRUCTURAL HEA
MONITORING SERVICES®

nthase -

UP{cm)
8 dhoowm 3 i@
T

NORTH (mm)

:!‘é & o8 &8

bl

EAST {mm)
o B &8 8

lélgl

AllSafe Engineering

Multiple structures
per interface
Selectable sensors
Dynamic graphing
based on date range
desire

Alarms by sensor
Custom data display
at sensor, structure,
or structures
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e Perfect environment
e Perfect Tool

e WYSWYG

e Perfect Opportunity

*Yeah baby, we have been waiting a long time!

(cananry
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e Start with a “GPS/IPS”
(inclinometer positioning system)
sensor system to clarify initial
structural health concerns

e Additional sensor types can then
be strategically added in suspect
locations

e Structural engineers, using state-
of-the-art analytics, can develop a
final diagnosis quickly and
efficiently with information from
our sensor systems

e A definitive diagnosis leads to
development of structure specific
remedies and optimized Asset
Management programs

SM STRUCTURAL HEALTH
MONITORING SERVICES®
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= Axiom VI There is a trade-off between the sensitivity to damage of an algorithm and its noise rejection capability;
= Axiom VII: The size of damage that can be detected from changes in system dynamics is inversely proportional to the frequency range of excitation

SHM Components [edit]

The sensary system consists of approximately 900 sensors and their relevant interfacing units. With more than 350 sensors on the Tsing Ma bndge, 350 on Ting Kau and 200 an Kap
Shui Mun, the structural behaviour of the bridges i1s measured 24 hours a day, seven days a week.

The sensors include accelerometers, strain gauges, displacement transducers, level sensing stations, anemometers, temperature sensors and dynamic weight-in-motion sensors. They
measure everything from tarmac temperature and strains in structural memebers to wind speed and the deflection and rotation of the kilometres of cables and any movement of the bridge
decks and towers.

These sensors are the early waming system for the bridges. providing the essential information that help the Highways Department to accurately monitor the general health conditions of
the bridges.

The structures have been built to withstand up to a one-minute mean wind speed of 95 metres per second. In 1997, when Hong Kong had a direct hit from Typhoon Victor, wind speeds of
110 to 120 kilometres per hour were recorded  However, the highest wind speed on record occurred during Typhoon Wanda in 1962 when a 3 second gust wind speed was recorded at
T8.8 metres per second, 284 kilometres per hour.

The information from these hundreds of different sensors is transmitted to the data acguisition outstation units. There are three data acquisition outstation units on Tsing Ma bridge, three
cn Ting Kau and two on the Kap Shui Mun.

The computing powerhouse for these systems is in the administrative building used by the Highways Department in Tsing Yi. The local central computer system provides data collection
control, post-processing, transmission and storage. The global system is used for data acguisition and analysis, assessing the physical conditions and structural functions of the bridges
and for integration and manipulation of the data acguisition, analysis and assessing processes.

= Maonitoring Hong Kong's Bridges Real-Time Kinematic Spans The Gapd?

Structural Health Monitoring for bridges [edit]

[n order to oversee the integnty, durability and reliability of the bndges, WWASHMS has four different levels of operation: sensory systems, data acquisition systems, local centralised
computer systems and global central computer system.

The sensaory system consists of approximately 900 sensors and their relevant interfacing units. YWith more than 350 sensors on the Tsing Ma bridge. 350 on Ting Kau and 200 on Kap
Shui Mun, the structural behaviour of the bridges is measured 24 hours a day, seven days a wesk.
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MONITORING SERVICES®

SYSTEMS

(cAnNARY

* since 2005 B AllSafe Engineering



¢+ Construction site near by the
tunnel

¢ Deformation risk in bad soil

¢+ Urban areas

+ Multiple total stations needed

+ GNSS used for reference
point stability

¢ Geotechnical sensors

+ Railways and Highways

¢ Construction

+ Maintenance of structures

SE{EM STRUCTURAL HEALTH
MONITORING SERVICES®
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¢ Safety and risk
management of
Important transport
links and urban
areas

¢ Landslide areas near
by dam

+ Glacier above water
reservoir

SETIVE MonTorne ser

AllSafe Engineering
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Data Acquisition Systems for Demanding

MultiLoggerDB
Project Interface

Insite, the MLDB
client software, is
designed to
present a project
as a series of
Project Views. This
application
includes extensive
functionality in the
viewing of the
project and the
output of data

*Readings Box
showing current
reading & status

(yellow or red = alarm)

SHM STRUCTURAL HEALTH
MONITORING SERVICES®

Environments

{£) DEMOLOG - Insite - Graphical Site Interface - [Concrete Dam]
@ Flle Wiew Design Configure  Window  Help
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-Project Status -Le_gend Box showing -Thumbn_ail vieV\_/er for
instruments and selecting Project
managing the display View.
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+ 3D deformation for slope stability
control (prediction)

¢+ Safety and risk management for
staff and machinery

¢+ Long term 3D survey as reference
for other monitoring tools

¢ Total stations used for cost
effective wide area coverage

* GPS, geotechnical and other
monitoring systems used for added
safety

TP _
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.Data AC Q|| He Edt vew Faories Lok bek

Note: UDS-1100's use default

GeoMos Database

Firebird Database

MLDB/Insite Console
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* since 2006 BC
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* Measurement of tectonic movement,
earthquakes, isostatic rebound, glacial
flow, subsidence due to extraction of
groundwater or mining

¢ 1D or 3D deformation for
understanding risks to infrastructure
and for scientific study

* Measurement of movements over wide
areas

¢ Often use a combination of GNSS and
geotechnical instrumentation
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+sSafety and risk
management of
Important transport
links and urban areas

+Construction near by
buildings (high rise
buildings)

*Maintenance of
Structures

OInsurance and Bonds
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E = Module of Elasticity
| = Inertia

V(x) is deflection

STRUCTURAL HEALTH is th
MONITORING SERVICES* p(x) is the

tangent

A
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“GPS
TPS
IPS

*Traditionally a laser
beam coupled with a ZNL
IS used to materialize the

main verticale.

*The observed deviations
are reported on the map
coordinates.
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Monitoring Hong Kong's Bridges
Real-Time Kinematic

.4
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Almost 27%, or more than one in four, of the nation’s bridges are considered
structurally deficient or functionally obsolete. In real numbers, this means
that of the 600,905 bridges listed by the U.S. Department of Transportation in
December 2008, 72,868 (12.1%) were categorized as structurally deficient
and 89,024 (14.8%) were categorized as functionally obsolete. Even though
the number of deficient rural bridges declined by 8596 from 2005 to 2008,
the number of deficient urban bridges increased by 2817 during the same
time period. Considering the higher level of passenger and freight traffic on
these urban bridges, the impact is significant.

«72,868 (12.1%) structurally deficient
«89,024 (14.8%) were categorized as functionally obsolete.

eOne in four, (1/4) count your bridges every 4% one could
fail.
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6 Dead in Minn. Bridge Collapse
Posted Aug 1, 07 9220 PM CDTInUS | @ 9 4b Share
(Newser Summary) — A four-lane bridge over the Mississippi River in Minneapolis collapsed d
the evening rush, Killing at least & people and injuring dozens. Witnesses say there were up to

cars on the bridge at the time, and as many as 50 were hurled into the river and onto the bank

rescuers rushed to triage victims and put out massive fires

The FBl and Homeland Security have ruled
terrorism—the Minneapolis Star-Tribune re
construction crews had been repairing the

section of the 135V bridge that buckled for
several weeks. One semi reportedly burst il
flames, while some witnesses said that a sc
bus full of children was on the bridge while

collapsed, though it appears none of the ¢l
were injured.
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LURILIA FERMANENT REFERENCE NCTWORK G " O "'l @Y FimY

- SUNSHINE SKYWAY BRIDGE
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30 - DAY SERIES

SKYWAY SCHEMATIC

SEYWAY PHOTOS

REAT TIME SNAPSHOT PLOTS

POST PROCESSED SNAPSHOT PLOTS
L
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N

Solar effects: A simplified schematic showing more realistically the motions, red arrows, caused
by the towers bending because of temperature differences through the towers caused by solar
heating and forces, green arrows, transmitted through the cables.

Wind Loading: A simplified schematic showing the motions, red arrows, caused by the towers
bending because of temperature differences through the towers caused by solar heating.

Deck expansion: A simplified schematic showing the motions, red arrows, caused by thermal
expansion of the bridge deck spans and the resulting separation of the towers. Opposing forces
are represented by the green arrows.

Wind Loading: A simplified schematic showing the motions, blue arows, caused by wind loading.
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August 11, 2004

|10 PM CDT Wednesday
NWS TPCHational Hurricane Center
Advisory 16
Current Center Location 27.4 N BRLAW
Max Sustained Wind 80 mph
Current Movement NE at 12 mph

@ Forecast Center Positions i
3 Sustuined wind 39-73 mp!
| [~ Potential Day 13 Track Area
E Hu & Warning
Hurricane Watch
mmm  Tropical Storm Warning

Hurricane Frances

September 4, 2004

5 AM EDT Saturday

NWS TPCMational Hurricune Center
Advisory 42

Current Center Location 266 N 78.1'W
Max Sustained Wind 105 mph

Current Movement NW at & mph

ph
5 Sustained wind 38-72 mph
D Sustained wind < 39 mph
C “=. Polential Day 1-3 Track Area
B Hurricane Warning
Hurricane Watch
Troplcal Storm Warning
Tropical Storm Watch

NWS TPCMational Hurrleane Center
Advisory 17

| Current Center Location 252 N 828 W ||

M Sustained Wind 110 mph
Current Movement M at 18 mph
@ Current Center Location
@ Forecast Center Positions
H Sustained wind = 73 mph
F Sustained wind 3873 mph
D Sustained wind = 39 mph
(™~ Potential Day 13 Track Area
Fricane Warning
Hurricane Watch
mmm Tropical Storm Warning
Tropical Storm Wal

September 14, 2004

4 AM CDT Tuasday

NWS TPC/Matienal Hurricane Center
Advisory 98

Current Center Location 22.6 N 860 W

| M Sustained Wind 180 mph

Current Movement MW at 8 mph
Current Center Location
@ Forecast Center Positions
H Sustuined wind » 73 mph
% Sustuined wind 39-73 mph
[~ Potential Day 13 Track Area
B Hurricane Warning
Aurricane Walch




Hurricane Jeanne visible satellite image,

£ taken on September 22, 2004 at 11:15
'AM EDT.

Y WS TRCHational Hurricane Center
| FEETEEREY

B Current Center Location 228 H 850 W
O M Sustained Wisnd 160 mph
Current Movement MW a1 5 mph
{® Current Center L acation
& Forecast Cemter Pasitions
H Susteined wnd = ¥ mph
5 Sustained wind 39-73 mph
:“_"-.. Potential Day 1-3 Track fArea
B Hurricans Warning
Hurricane Wabch
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“Refernece Stations have allowed this technology to enhanced

tremendously.”

Objective and quantitative information on exact structural asset condition and
management- increase life cycle

Reduced costs, delays, and risks in maintaining its Building/ Bridge
infrastructure- Safety enhanced

Improved use of cash and capital resources from making “just-in-time” repairs
and replacement

Enhanced maintenance practices “objective criteria” instead of subjective
Valued 24/7 health Monitoring Solutions

Higher accuracy and Precision

5% STRUCTURAL HEALTH
SM MONITORING SERVICES®
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Educate
eSolicit
Influence
*Show off your work
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e TPS
+ 1 second/ remote

e Visual Targeting
¢+ Reflectorless

e Reduced prisms
e Coaxial optics

e Reduces risk

e remote

e Visual Scanning
¢ Exceed Tolerance

e Automatic Scanning
— Course 10 x 10
—Finelx1

g '[{_j]‘ STRUCTURAL HEALTH
AT MONITORING SERVICES®
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1. TPS
2. Scanner
3. Coaxial Camera
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Question

*Ask yourself

*Are you ready for a failure?

2 ; - 6 Dead in Minn. Bridge Collapse
AN RaGE Death toll rises to 13 in bridge collapse Posted Aug 1, 07920 PMCOTINUS | 1 47 G [ Share

WORLD

: (Newser Summary) — A four-lane bridge over the Mississippi River in Minneapolis collapsed during
Rain hampers recovery efforts the evening rush, killing at least 6 people and injuring dozens. Witnesses say there were up to 100
cars on the bridge at the time. and as many as 50 were hurled into the river and onto the banks:

May 28, 2002 Posted: 10:23 PM EDT (0223 GMT) rescuers rushed to triage victims and put out massive fires

The FBI and Homeland Security have ruled out
terrorism—the Minneapolis Star-Tribune reports
construction crews had been repairing the
section of the I35W bridge that buckled for
several weeks. One semi reportedly burst into
flames, while some witnesses said that a school
bus full of children was on the bridge while it
collapsed, though It appears none of the children

WEBBERS FALLS, Oklahoma (CNN) --
Two days after a 600-foot span of
Interstate 40 collapsed into the
murky waters of the Arkansas
River, the death toll rose to 13
Tuesday, with more bodies expected
to he recovered, authorities said.

HEALTH
ENTERTATNMENT
TRAVEL
EDUCATION

Get 4 FREE|
trial issues

of TIME!

Rain slowed the recovery effort and the Wereimicd,

threat of lightring kept divers out of the
water.

—Greg Atwar
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A portion of the |-40 bridge where the
barge struck it
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Thank you

WWW.canarysystem.com
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