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General goal and outline

Outline
* Introduce self-sensing concrete

* Introduce the biphasic DC
measurement approach

* Discuss the hardware design
« Exline an H-bridge example

* Discuss considerations and
future work
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Making Multifunctional (Self-Sensing) Concrete.
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cured to achieve sensing
properties.

Self-Sensing Functionality:

Changes in strain or damage alter

electrical properties, allowing _ s
structural health monitoring. Foum e I

SEM image of MWCNTs-water solution SEM image of cement paste with
magnified 50,000 times. MWCNTs magnified 25,000 times.
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Resistance Drift in Multifunctional Concrete

» Challenge: Electrical resistance drifts
over time, complicating accurate long-
term monitoring.

* Possible Causes:
« Material polarization due to continuous DC g
current. 26000
« Changes in dielectric properties over time.

26400 —

 Traditional Solutions: _
« Delaying measurements until drift stabilizes. 2500

« AC measurement technigues to reduce
polarization effects.




Dynamic Strain-Sensing Response

 Minimal Drift under Dynamic
Loads: Rapid load cycling
prevents polarization build-up.

« Effective Dynamic Monitoring:
Self-sensing concrete accurately
reflects applied dynamic strain.

* |deal for Transient Conditions:
Reliable performance when
measuring short-duration, cyclical
events.
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nanocomposite cement-based sensors under dynamic compressive loading conditions.” Sensors and Actuators A: Physical 260 (2017): 45-57.




Impact Response Testing

* Dynamic Testing Validation

 Single hammer hit tests demonstrate
expected dynamic behavior.

 Clear transient current response
matches mechanical impact event.

Single hammer hit
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BIPHASIC DC MEASUREMENT

APPROACH




Biphasic DC Measurement Approach
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Biphasic DC measurement approach

* Proven Method: DC

* First published in 2017, 44 1 Hz

widely adopted by several ‘ e EEZ
Z
research groups.
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the research community.
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Works In 2-Point and 4-Point Configurations

* |n 2017, we validated the biphasic DC measurement method using
both 2-point and 4-point configurations.
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Multichannel Measurements

* |n 2017, we demonstrated a cascading 4-point measurement
system along with the biphasic approach to enable multi-channel
damage detection.
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HARDWARE




Signal Generator Based Biphasic DC System

« Easy to use: straightforward
connections, and standard lab
equipment.

 Reliable measurements:
accurate for initial validation.

« EXxpensive: requires costly
laboratory-grade instruments.

 Not miniaturized: large
footprint limits field or portable
use.




H-Bridge Configuration

* We selected an H-Bridge
configuration to implement the
Biphasic DC approach, allowing eas a
reversal of current direction through °_|<
the sensing material. i

« An H-Bridge is an electronic circuit
composed of four transistors
arranged in an "H" shape. It enables O_QZK
the voltage applied across a load NPN
(such as our sensing material) to be
reversed easily, simply by activating
different transistor pairs.




Why Choose a H Bridge Over a Traditional Signal
Generator Circuit?

Traditional Op-Amp Circuit:
* Requires £5V (rail-to-rail) dual power supply.
« Additional complexity and components for negative voltage
generation.

H Bridge Implementation:
» Operates from a single-voltage source.

» Eliminates the need for dual power rails (+5V and -5V).

Trade-Off: Component Complexity vs. Efficiency
» H Bridge Circuit: Uses 4 MOSFETSs, slightly more complex.

 Traditional Circuit: Single amplifier but more complex power
stage.

Expected Benefits of H Bridge Approach
« Potential increase in efficiency and stability.

* Reduced system-level complexity by removing additional
power supply circuitry.

« Components are easy to source on low-cost modules.




MOSFET Initialization
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Current Flow Iin Circult
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Current Flow Across Specimen
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Opposite Path Initialization
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Current Flow Through Opposite
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Switching Again
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The Process Continoues
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Simscape Simulation

« Simulated using
transistor-based H-bridge
to alternate current
direction.

* Two-probe sensing setup
captures voltage across
self-sensing material.

Custom PCB




Simscape Results

e Simulation validated stable
voltage/resistance outputs
without observable drift.

w

« Demonstrates feasibllity for
real-world structural health
monitoring (SHM)
applications.
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Experimental Results

Result of acquisition
performed with a 220
KQ) self-sensing
material show:
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 Good results over a
minute of test

* No drift in the long term
* NO surprises
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Hardware Consideration

serial to PC

 Frequency Limitation (5 Hz): Currently
limited to ~5 Hz measurement cycles \
due to microcontroller processing
speed.

« Switching Noise Management: Stable
operation, but switching noise demands
careful upfront circuit design.

« Material Range Validation: Further
research is required to verify the
accuracy of materials with significantly

known value resistor cementitious self-sensing

different resistances. erial




Usability improvements in the Next Version

Integrated SD Card Storage: Allows easy and
reliable onboard data logging.

Full Floating Bridge: Provides superior noise
rejection and improved measurement accuracy.

Easier Assembly: Designed for straightforward
soldering and rapid assembly.

Programmable Reference Resistors: Enables
flexible, software-controlled adjustment of
measurement range.
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THANKS!

Hardware Design

https://github.com/ARTS-
Laboratory/Biphasic-data-acquisition-system

Austin R.J. Downey

Email: austindowney@sc.edu

Github: austindowney

Department of Mechanical Engineering
University of South Carolina
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