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Project Description:

Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):
e TAC meeting on April 21* 2021 (TAC meeting on July 14™ 2021 planned).
ISU conducted tests to evaluate the performance of the SEC at measuring strain in a folded configuration.

[ )
Tests were conducted on an HSS section equipped with SECs and tiltmeters, as shown below.

Results from tests in folded configuration demonstrated that sensor data can be related to rotation angles, thus
confirming that the SEC could be used in such configuration. The figure below plots the pseudo-spectral
density (PSD) of capacitance data as a function of the rotation angle for the left and right SECs in the figure

above. Results shows linearity and trackable angles.
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ISU designed tests to investigate the capability of the SEC at detecting and quantifying fatigue cracks in weld
following the successful tests discussed above.Tests will be conducted on two L-shape steel beams welded

using a fillet weld as shown below, and the sensors deployed over the weld.
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e KU team visited the [-70 highway bridge in May, as shown Figure 1, to inspect the bridge girders and decide
sensor deployment plan:
- The locations, specifically in Span 3 shown below, and the number of girders to be monitored have been
determined.
- The number of SECs, sensor boards, strain gauges, Wheatstone bridge boards, breakout boxes, and Xnodes
have been determined.
- Table below summarizes items to be used in the field deployment (planned in July)

Table: Items for upcoming field deployments

Diaphragm 3-2
Girder new SECs Sl Board enclosure Whea_ltstone Bireal ol Xnode
gauge bridge box
A 4 1 4 3 1 1 1
B 4 1 4 2 1 1 1
H 4 1 4 2 1 1 1
Diaphragm 3-3
Girder new SECs Sl Board enclosure Whegtstone Bireal ol Xnode
gauge bridge box
A 3 1 3 2 1 1 1
H 3 1 3 3 1 1 1
L Toal RS e s s s

e In the plan for field deployment, KU team will also include monitoring cracks under folded configuration.
Therefore, KU prepared the fourth specimen with a new and an old SECs to investigate them under folded
configuration. The new SEC using the UA board was successfully balanced. The results based on NI DAQ
shown in the figure below indicated successful data collection from the new SECs under folded configuration.
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Figure . The SECs and data under folded configuration.

e KU team worked on the cellular-supported event-triggered sensing strategy to enable long-term field
deployment. Specifically, the new gateway node with 4G cellular capability has been acquired, which will be
used to collect data from other sensor nodes and send the data to the cloud server. This enables us to access data
remotely without visiting the bridge. KU reprogramed the leaf nodes to be compatible with the new gateway
node and solved several issues experienced including the issue of uploading data to the cloud, changing the
threshold parameters remotely for the event-triggered sensing, etc.

e KU worked on analyzing old data recorded during 2018 to improve the algorithm for crack detection.
Specifically, the ability of power spectral density to process the field data was investigated and new method
for transient signal such as Wavelet analysis is being investigated for improved performance.

e KU team continued to evaluate data collection using multiple SEC sensors. As shown below, new SEC 1 and
SEC 3 provided satisfactory data collections, while data collected from the SEC 2 had room for improvement
on its sensitivity.
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Figure. Data collected simultaneously using three new textured SEC sensors.

e UA assembled a new prototype sensorboard and verified the developed features that automate the De-sauty
bridge balancing and shunt calibration

o UA conducted performance tests by comparing to the off-the-shelf capacitance data acquisition system
PCAPO2.

e USC used DIC to measure strain that propagates to the surface of the SEC sensor. The figure
below (left) reports the average strain measured over the sensing area of the SEC using DIC
for a neat, horizontally grooved, and vertically grooved sample. Results show that the strain
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in the concrete propagates to the surface of the SEC. Figure (right) reports the strain measured
by the SEC vs the strain measured by DIC. The tests found the strain values to be significantly
higher than those measured through DIC.

R0 Neat | 800.0 .
100.0 1 f Horizontally grooved 700.0 A .ll'“"" A g kb : SEC
. 80.0 | vertically grooved _600.0 : .‘_I_.i‘..n J { ".'i"','_, DIC
3 60.0 | ! | 4500.0 J
£ .0 < 400.0
L 499 | ' §3000 | \
? 200 ' - 5 200.0 :
100.0 o
0.0 - | : | N, oy
0.0 N
0 2 4 6 8 10 12 14 16 18 0 10 20 30 40
Time (s) Time (s)

e The figure below shows USC’s experemenital test setup and the concrete specimens with SECs
attached prepared for DIC.
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e Results led the team to investigate the potential that the SEC sensors react electrically with the
concrete material. To test this, the strain tests were repeated using DIC on metal substrates,
and the SEC acted as expected and provided accurate results with +/- 25 pe. The phenomena
of the SEC reacting with concrete will need to be further studied.

e Figures below reports a preliminary investigation into the use of an isolating pad that
electrically separates the conductive face of the SEC from the concrete. Results show that
isolating the inner conductive face from the concrete allows the SEC to capture accurately the
strain levels in the concrete.
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Anticipated work next quarter:

ISU will conduct an initial series of tests on angled folds on steel subjected to fatigue cracking.

KU will complete the testing of the new cellular-enabled event-triggered sensing strategy for the field
deployment.

KU will finalize the deployment schedule with KDOT to install the new SECs and start collecting data from
the 1-70 highway bridge.

UA will update the sensorboard design with additional Wheatstone bridge circuit to accommodate the resistive
strain sensing using conventional foil-type strain gauges and improve the power consumption efficiency.

USC will run tests on concrete assisted with digital image correlation (DIC) to further the understanding of the
SEC on concrete.

USC will investigate the effects of isolating the SEC from the concrete to obtain accurate strain
measurements.

USC will use DIC to validate the use of isolated SECS for strain measurement.

USC will perform Finite Element Analysis (FEA) of the concrete-rubber-SEC interface.

Significant Results:

Characterized SEC behavior in folded configuration (no fatigue crack)

Tests on angled folds subjected to fatigue cracking designed

Test bridge visited and a sensor installation plan established

Data acquisition tested for multiple sensors and sensors in folded configuration

The automation features (for bridge balancing & shunt calibration) worked well as expected

New sensorboard showed better performances than off-the-shelf capacitance data acquisition PCAP02
Discrepancies in SEC readings from concrete tests could be attributed to electromagnetic noise.

Circumstance affecting project or budget (Describe any challenges encountered or anticipated that might affect
the completion of the project within the time, scope, and fiscal constraints set forth in the agreement, along with
recommended solutions to those problems). N/A
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