Development of the Smart
Timber Bridge

A Partnership between the Forest
Products Laboratory and lowa State
University



Conceptual Smart Timber Bridge

A Glued laminated girders plus deck

A Measurement attributes

I Structural adequacy
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allowance, and life usage.
A Serviceability to monitor functionality and changes in
stiffness (i.e., damage)
I Delamination, vehicular collision, etc.
I Deterioration
A Moisture intrusion
A U\tbased degradation
A Corrosionrelated damage



Conceptual Smart Timber Bridge

A Sensors
I Use offthe-shelf technology where applicable.

A Communication and reporting
I Processed and communicated in ngaal time.

I Provide instant notification when important
events occur.

I Condition summarized in easy-understand
reporting format.



Developmental Milestones

A Methodology for reliably attaching sensors to
timber members.

A Reliable, longerm moisture sensor
Integration.

A Sensors to detect ferric ions.
A Sensors to detect degradation of wood lignin.

A Data processing techniques for determining
structural adequacy parameters.



Developmental Milestones

A Data processing techniques for determining
changes In structural stiffness.

A Data processing techniques to determine
vehicle characteristics

A Turnkey software.
A Demonstration



Development and Evaluation of Sensc
Attachment Technigues

A Scope
I Develop conceptual sensor packages

I Smaliscale testing

I Selection of most promising techniques

I Fullscale testing



Package Development

Specimens Adhesive FBG Sensor Package

Specimen 1 CFPR and R$S

Specimen 2| 424™ Prism® | cg55and IssS

Specimen 3 72H-SS and ASSS

Specimen 4 CFPR and R$S

Specimen 5 426™ Prism® | c555and IssS

Specimen 6 72H-SS and ASSS

Specimen 7 CFPR and R$S

Specimen g 4212™Prism® | 555 and IssS

Specimen 9 72H-SS and ASSS
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Test Program

A Bending

A Sustained load

A Accelerated load

A Psuedacyclic load

A Heat and sustained load
A Cold and sustained load



Location of the Sensors

Typical Bending Test
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Strain Response
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Sensor Comparisons
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General Conclusions

A Techniques for connecting sensors to timber
can be achieved using proper adhesive and
package design.

A Fiber optic sensor are not robust enough to
withstand glulam fabrication processes.

I Recommended to use traditional sensor types.



Fullscale testing

A More successfully integrate sensors into the
fabrication process.

A Evaluate operability under repeated loadings.
Al f a2XAyYyQ@SauoAarasS 2yS
techniguesc the patch method.
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Beam Design
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Fabrlcatlon
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Fabrication

.,,»gfizé 4
S - W
\\ \‘“{‘ﬁ ,.‘, T . T ﬁ!&‘“’“‘gzi?e#;ﬂ k gfﬁ ﬂ! .

b.) Checking the gages with a volt
meter

a) Allgnlng the Iamlnates in the
clamping aparatus
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c.) Planing the beam

d.) Finished beam



Fatigue Testing

A 1,000,000 cycles at 0.5 Hz
A Two point loading method 24,000Ib peak load
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Results

Theoretical Experimental Percent
Peak Strain Peak Strain Difference
Sensor (microstrain) (microstrain) (%)
Top-A 705 512 27.4
TL1-A 622 564 9.3
K-A 686 685 0.1
= Bottom-A 705 819 16.1
< TopB 987 811 17.9
= TL1-B 871 803 7.8
c BL1-B 808 769 4.8
'&E) BottomB 987 867 12.2
Top-C 705 638 9.5
TL2-C 584 437 25.1
BL1-C 611 604 1.1
BottomC 705 645 8.5
2 TopA 705 606 14.1
© TopB 987 865 12.4
= BottomB 987 948 4.0
% Top-C 705 628 11.0
o BottomC 705 710 0.7




Moisture Sensor

A Evaluate (and select?) a sensor for assessing
changes in moisture content.

A Required to be able to be wired into dffe-
shelf data acquisition systems.

A Reasonable accuracy in the range of 20%
moisture content.
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Testing
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A All three sensors installed

A Tested under various relative humidity and
temperature conditions






