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Instrumentation vs Global Structural Assessment (St-1d)
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Instrumentation = Direct Measurement
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Fundamental Challenge with St-1d/SHM

Global Assessment

Observable = _ . Unobservable
Responses structure Dependent — Attributes
(Measureable | .. noE (Immeasurable,

e.g. strain) === ¢.g. capacity)

Material Dependent

What you can measure Is not what you need.

What you need, you can’t measure.

—3 All data cannot inform all behaviors «Gm—
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Why 1s this “Translation” so Difficult?

(Constructed Systems vs. Manufactured System)

Nearly all constructed systems are custom-designed for specific applications and
their mechanical characteristics - applying results from a single structure to a
larger population of structures is challenging due to their inherent uniqueness.

Constructed systems maintain complex and non-stationary intrinsic forces due to
Uncerta|n and La rge dead weight, construction Ioad's/st'agl.ng, temperature effects, dfeterloratlon, _
. . damage, overloads, etc. These intrinsic forces are nearly impossible to measure in
Intrinsic Forces an absolute sense and just their changes often overwhelm the forces due to
transient live loads.

Constructed systems are non-stationary due to the non-stationary nature of
Non-Stationarity inputs (temperature, radiation, traffic, wind, etc) as well as their various loading-
level and loading-type related nonlinearities.

. . Most constructed systems, and especially bridge systems are designed with
Complex COﬂtanltY movement systems and/or force releases. These systems are most often

Conditions unobservable and behave differently under different levels of force and
temperature.
Complex Boundary Constructed systems have unobservable soil-foundation interfaces that are often
o non-stationary in their contact properties. Soil and even rock properties change
conditions with pressure, moisture, temperature and time.

Constructed systems such as major highway bridges or combinations of several
bridges and tunnels within regional transportation networks may be longer than
several miles, cost several billions of dollars , and be expected to remain in service
for well over 100 years.

Large Geometric and
Temporal Scale




Structural Identification Framework
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Another Perspective on St-Id...

Model Updating Decision Making

Data Processing,
Feature Extraction

Experimental
Execution

A Priori modeling

Observation and
Conceptualization



Distinct Challenges

Signature Bridges
Logistically difficult to replace
Unique

Expensive to maintain

Owners: Predominantly Toll
Agencies

Common Bridges

Large population of similar structures
Relatively inexpensive to replace
Difficulty to prioritize investments
Owners: States, Counties, Turnpikes




Current St-1d Approaches to Signature Bridges

Ambient Vibration
FE Model Monitoring

Common model parameters 2 East Elcvation View
element stiffness

E=zst Side Transverss E=st Side Vertical E=st Side Longitudinal
. . L Accelerometer Accelerometer Accelerome ter
ContInUIty and boundary Condltlons West Side Transwverse West Side Vertical West Side Longitudinal
Accelerometer Accelsrometer Accelerame ter

mass

® ® @ @ Sensors Which Stay for the Testson Morth & South Part of the Bridge
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Baseline Plane 1n Strain-Disp-Temp Space
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Mechanistic Understanding of the Plane
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Raising deck 65°to accommodate larger ship traffic.
Maintaining vehicular traffic passage during construction.
Installing structural health monitoring system.
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Example of Construction

PRINCETON
UNIVERSITY

Camera 1 2010-08-08 140
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| o
| Bascule Opening I Bridge Graphic | Define Piots | Configuration | Exit |

Event Type
Live [[[J Opening 4/08_140718 (Open)

Select Event Files i

|C:\Drexel Data Storage\Open Events\2010-09-08 Open\2010-09-

PA LC Truss A |

gi Original Format | Archive Format

View 3 4 Cameras |

| Time Step

U e o L inty i d
| 2:04:08.050 PM 09/08/2010 | 0.0 |sec 250.0 |sec
Event Time Range (sec) Graph Cursor
LAY I R Y TSR DR O LR R R VAR T T 1 8 T M T T Free
100 300 400 500 600 700 8248
o Center
4__}
R A A A e e e N e R e T e, End
0 100 200 300 400 500 600 700 8248
Timespan Graph Cursor Cursor Time

216 |sec  3/250.0 |sec 31250 |sec | 2:06:13.050PM |

O Dynamic | Static yiew

4 PALCTrussAandB |

Tag Values (At Cursor Location)

Defined Y Scaling | w

0-PA-US-LC-B21 (-0.02) [a™
1-PA-US-LC-B22 (-0.02) [u™
2-PA-US-LC-A39 (0.01) [n™a
3-PA-DS-LC-B31 (-0.02) [u™
4-PA-DS-LC-B32 (-0.01) [u™
5-PA-DS-LC-A45 (0.08) |[u™u
6-PA-DS-LC-A47 (0.08) |w™u
7-PA-DS-LC-AS7 (0.04) [u™u
8-PA-DS-LC-AS8 (0.04)

Defined Y Scaling 7v;
PA-US-LC-A39
PA-DS-LC-45 g
PA-DS-LC-A47
pa-ps-Lc-257 [
pA-DS-LC-A53 [

*

PALCTrussB

Stress (ksi)

|

Defined Y Scaling | w
pa-us-Lc-821 [
PA-US-LC-B22
PA-DS-LC-B31
PA-Ds-LC-B32 g

Stress (ksi)

1 1 1 | 1 1
14:04:40 14:05:00 14:05:20 14:05:40 1411'6.00 14.0%:20 14:0I6:40 141;790 14:0I7:20 14:07:40 14:08:00 14:0I8:17
Time

_Time

1407:20 1407:40 14:08:00 14:08:17



http://www.nsf.gov/index.jsp
http://www.nsf.gov/index.jsp

RUTGERS

Example Triggered Event

Strain Time Histories Captured Along the Lower
Chord of Trusses A and B During Construction

Microstrain
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Interpretation, Model Updating, Outcome

The cause was traced (through direct interpretation
and FE analysis) to a connection slip in the lifting truss.

The slipped occurred because the contractor
insufficiently tightened temporary bolts in anticipation
of steel repairs.

The contractor was alerted to the issue and took
appropriate corrective actions.

Connection Slip
Location




Implementation of Current Practice

A recent NCHRP study (Hearn 2014) found...

Long span,

/ signature bridges

* 80% of bridges are rated using simplified
structural analysis procedures.

* 16% of bridges received no load rating 'gggrgggﬁtggto_

medium span
bridges
* Approximately 0.1% of bridges (~600) are

rated based on load testing procedures

* Approximately 10% of bridges (~ 60,000) are
posted for less than legal loads.

Hearn, G. (2014). State bridge load posting processes and practices. Washington, DC:
Transportation Research Board of the National Academies.



Innovation Space
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THMPER™ System for Rapid Capacity Evaluation

Targeted Hit for Modal Parameter Estimation and Rating

e ™

JaJ Impact testing using| a seli-

ned mobiledevice
" Stép 2 ,_,,‘.zc;.-
Semi-Automatec pre- and Post ,)f\)udﬁ]ﬂ g
to obtain global frequenmes and mo e '

SteQ 3 \ " '.‘ PN
Automated FE modellng using

NBI data and on-site.assessment , J -

Step 4 ™ s . R
Automated FE model calibration  af $ - v
and load rating L2 b

Step 5

Reporting

* Patent pending



RUTGERS
THMPER System — Rapid Data Collection
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THMPER™ Comparison with MIMO™

THMPER™ VS MIMO THMPER™ VS MIMO

w207
4

* Best practices approach to modal impact testing
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Automated FE Model Creation and Simulation
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Automated Model Updating and Rating




Thoughts on Global Assessment Applications

1. A successful application of SHM/St-Id depends on the
presence of a “problem” that sensor data may inform

2. If a sensor is applied without understanding how the
data will be used, then the data will likely be useless

3. All types of data cannot inform all types of behaviors

4. Translating measured data into something useful
requires sound heuristics, simulation models, and/or
data from populations of similar structures

5. You don’t get something for nothing

6. The simplest solution, is the best solution
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Accelerating the Feedback Loop

Bridge
Deterioration

feedback 0 \’¢
. . < years
Brldge. Design, | 10 years _ - -
Construction, and -
Commissioning — | ———
T 1T 1T T T T T T T T T T T T 1T T 1TT1TT71°>

Biennial Bridge Inspections

The long-durations of the current feedback loop are stifling innovation

Best Cell Phone (2007)
“Offers everything you

could want in a cell phone”
-PC World

AT&T Phone (1997)
Big Breakthrough...
- Internal antenna
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The BEAST — Accelerated Agmg fBrldges

O to 104F degrees rapld-
cycling temperature
fluctuation

Accommodates complete |
bridge superstructures
50 ft by 28 ft by 5 ft

Prec:lpltatlon and salt brlne
e P - e application (1% soluble
O D N 2 solution to fully saturated)

KUTGERS

Center for Advanced
Infrastructure and
Transportation: :'}-'9 2

Two-axle live loading at 10 to
60 Kips continuous at 20 mph;
48,000 cycles per day

* Control systemand high-
speed data acquisition
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Structural Health Monitoring Systems

Roadway Weather Information Strain Operational

Temperature Infrastructure 4 Performance
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So what?

* Tracking/identifying
overloaded vehicles

* Tracking/documenting
ship passage

* Deploying di-icing
agents

* Tracking future
construction

* Informing inspections —
especially related to
movement systems

OHew York

* Rapid assessment
following extreme
events

wnammuamm

* Tracking of fatigue and
fracture



