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The Absolutes of Life



Some Other Absolutes of Life (other than
Death and Taxes)

* The Gosain Dictum No. 1
— “So long as structures will keep on
getting built, failures will keep on occurring.”



Some Other Absolutes of Life (other than
Death and Taxes)

* The Gosain Dictum No. 2
— “Failures will keep Forensics Engineers busy for a long time”



Some Other Absolutes of Life (other than
Death and Taxes)

« Primary Causes of Engineering Failures
— Deferred maintenance
— Design flaws
— Material failures
— Overloading
— Combination of all the above



Some Other Absolutes of Life (other than
Death and Taxes)

* Gosain and Prasad Observation No. 1
— Fear of failure will spur some owners to action!



Some Other Absolutes of Life (other than
Death and Taxes)

* Gosain and Prasad Observation No. 2
— An action may be Structural Health Monitoring!



Nature of Failures

« Some failures are sudden and catastrophic, and
some failures just take their time...



How Can We Reduce Engineering Failures?

* Structural Health Monitoring (SHM) can be very
helpful in serving as an alarm system for
preventing both types of failures .............

« But what is Structural Health Monitoring?



What is Structural Health Monitoring (SHM)?

= Definition; The process of implementing a
distress or damage detection strategy:for
aerospace; mechanical and civil engiheering §;
structures is referred to as Structural Health
Monitoring or SHM.. -

= Not a new concept |
—Has been around for several decades
— Advances in electronics made it easier to
implement.
=.Several non-destructive evaluation (NDE) tools
available for monitoring.




How old is*SHM?

« SHM work goes back almost 80 years.
« Limited to maJor structures

— Dams -

- Brldges |

— Some early high rises: '

- Unlque structures -

« Significant interest'in the past 10 years.

—Life-safety issues
—=Economic benefits
—Performance evaluation
—Affordable



Case History from the Past ...



San Jacinto Monument Mat Foundation SHM

1981 Study

1. Monument suspected to have tilt:
Measured tilt to be within
construction tolerances

2. EXxcessive settlement suspected:
Monument supported by a
monolithic mat foundation. Top of
mat built exposed.

3. Discovered that a settlement
monitoring program was set up
during construction in 1936

4. Searched archives for data:
Found documents in the
archives of the Houston Public
Library S

5. A Geotechnical engineer was San Jacinto Monument

' ' Built 1936
retained to review past data ut 193
La Porte, Texas




San Jacinto Monument Mat Foundation SHM
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HOUSTON, TEX

VANKENS MONTOASE BUILDI

{1 1 1
Huay 1,

1975=1

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM
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San Jacinto Monument Mat Foundation SHM

Unit Load ou the

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM

From City of Houston Public Library Archives



San Jacinto Monument Mat Foundation SHM

McClelland Engineers Soundings
Winter 1984



San Jacinto Monument Mat Foundation SHM

McClelland Engineers
Soundings Winter 1984



Obijectives of Structural Health Monitoring:
Farrar and Worden (2007)

1. Modifications to an existing structure,

2. Monitoring of structures affected by external
factors,

3. Monitoring during demolition,

4. Structures subject to long-term movement or
degradation of materials,

5. Feedback loop to improve future design based
on experience,



Obijectives of Structural Health Monitoring

6.

Fatigue assessment,

Novel systems of construction,
Assessment of post-earthquake structural
integrity, and

Growth in maintenance needs.
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Instrumentation used for SHM

Strain gages,
Inclinometers, |
Displacement transducers, |
Accelerometers,

Temperature gages,
Pressure transducers,
Acoustic sensors,
Piezometers, and
Laser optical devices



Instrumentation used for SHM

Most of these sensors can be wirelessly
connected.

Technology using solar energy is very
common In instrumentation.

Latest technology even has self powered
systems, i.e. no external power required.



Some Recent Work...



Case History 1



Health Monitoring of a Stadium Truss During Erection




Health Monitoring of a Stadium Truss During Erection
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Health Monitoring of a Stadium Truss During Erection

Key Challenges
= Non-interference with the construction schedule.

= No wires were allowed to run from one segment to the
other.

= No main power supply.
= No drilling or welding on to the frame.

« Each segment needed to be prepared and instrumented
In @ narrow 2 day interval.

= No lift access after erection.



Health Monitoring of a Stadium Truss During Erection

Instruments
= MicroStrain V-Link
—4 Strain gauges could be
attached to the device.

— Fully ruggedized for exterior
applications.

— One laptop with data querying
software was sufficient to
access all boxes.

—Low duty cycle can give up to
1 year of battery life.




Health Monitoring of a Stadium Truss During Erection
Over 9 Months




Health Monitoring of a Stadium Truss During Erection
Over 9 Months




Case History 2






Health Monitoring of a Data Center
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Health Monitoring of a Data Center

Key Challenges
= Needed to prevent undesirable vibrations in the data
center.

= Quantify sensitivities of many high-performance
computing systems.

= Needed to inform the contractor immediately upon
discovery of an issue.

= Alarm system to alert Walter P Moore and the contractor.



Health Monitoring of a Data Cente
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Instruments
= Pre-construction Testing.

— National Instruments dynamic
data acquisition system.

—PCB uG scale
accelerometers.

Construction and Operations
Time Monitoring

— Instantel Blastmate device.




Health Monitoring of a Data Center




Health Monitoring of a Data Center

Vibrations Measured in the Computer Room

Table 1. Marathon Oil Tower Vibration Testing Summary For November -2006

10,000,000
Date Day Number of Recorded Events

Above 0.02 in/s Above 0.1 in/s
11/1/2006 WEDNES DAY 135
11/2/2006 THURSDAY 106
1,000,000 11/3/2006 FRIDAY 32
11/4/2006 SATURDAY 50
11/5/2006 SUNDAY 0
11/6/2006 MONDAY 58
100,000 11/7/2006 TUESDAY 31
11/8/2006 WEDNES DAY 135
11/9/2006 THURSDAY 82
11/10/2006 FRIDAY 25
11/11/2006 SATURDAY 48
11/12/2006 SUNDAY 10
11/13/2006 MONDAY 54
11/14/2006 TUESDAY
11/15/2006 WEDNES DAY 68
e ThIESHOL | 19 116/2006 THURS DAY
——HP 11/17/2006 FRIDAY
Sun 11/18/2006 SATURDAY
11/19/2006 SUNDAY
11/20/2006 MONDAY
11/21/2006 TUESDAY
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Scalariz ~ 11/23/2006 THURSDAY
® MostSe @ 11/24/2006 FRIDAY
‘ 11/25/2006 SATURDAY
40 | 11/26/2006 SUNDAY
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11/29/2006 WEDNES DAY
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Case History 3



Health Monitoring of a Parking Garage Structure




Health Monitoring of a Parking Garage Structure

= Noticed signs of struct Ig

« Owner wanted assurance th
foundation settlement occur



Health Monitoring of a Parking Garage Structure

Key Challenges

= Selection of monitoring location.

= Selection of types of measurements.

= Need to operate during power outages.

= Sensor installation.

= Data logger installation.

« Remote communication setup.

= Alarm system to alert engineer and the client.



Health Monitoring of a Parking Garage Structure

Instruments

« Campbell Scientific CR10X
logger with DC backup.

= |Inclinometers with
temperature sensors.

= Anemometer.
= Rain gauge.




Health Monitoring of a Parking Garage Structure




Health Monitoring of a Parking Garage Structure

Health Monitoring in Progress During Hurricane lke

Maximum Wind Speed

Deflectionand Temperature (Sensor 1)

Deflectionand Temperature (Sensor 7)
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Case History 4



Health Monitoring of a Bridge Essential
to Business Operations




Health Monitoring of a Bridge Essential
to Busmess Operatlons
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Health Monitoring of a Bridge Essential to
Business Operations

Key Challenges

« Installation of inclinometers under girders.
= Access was difficult.

= Night time installation was preferred.

= Installation has to be stopped when a train passed by
under the bridge.

= The whole system needed to be run with solar power.
 Remote communication setup.

= Alarm system to alert the engineer and the client.



Health Monitoring of a Bridge Essential to
Business Operations

Instruments
= Campbell Scientific CR1000
logger with solar power.

= Tilt beams with temperature
sSensors.

= Cellular TCP/IP modem
facilitates accessing data
over the internet




Health Monitoring of a Bridge Essential to
Business Operations

Installation




Health Monitoring of a Bridge Essential to

Business Operations
Health Monitoring in Progress

BEAMS 1 -6

9722010 12:00 PM 922010 6:00 ™\

BEAMS 7 -12

BaTY 128V

91312010 11:00:00 AM It Temp 367 C




Summary of SHM Process

= Evaluate need

—Discuss the motivation in implementing SHM with the client
and the benefits to be accrued

—Discuss the period of time for monitoring

—Have a clarity on how the damage or distress is to be
defined and measured

» Select the appropriate instrumentation and data
acquisition system
—Environmental conditions

« Extract meaningful data

—Presentation to client in a meaningful and understandable
format



What is Ahead?

« Reduce the implementation cost.
—Improved hardware.
—Extensive usage by the industry.
» Implement wireless and self powered technology.
—Facilitates usage even in remote areas.
—Simplifies installation.
—Insensitive to local power outages.
« Estimate potential savings of using SHM.

—Develop models to show potential savings in using
SHM vs. periodic physical inspections.



Deferred Maintenance and SHM
Structural Deterioration Model

Structural failure D / /

Demolish structure C

Restoration/
Repair Cost

/ Normal Deterioration
SHM assisted

> performance

Time (Years)

After Chrest et al. (2001)
Modified by Prasad and Gosain



Monitoring Building Tilt, Bridge Dynamic
Deflections, and Floor Vibrations during
Construction Activities for Structural
Performance and Client Satisfaction

Questions?

NGosain@WalterPMoore.com
PSamarajiva@\WalterPMoore.com
DChoudhuri@WalterPMoore.com
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