Intrinsically smart
cement-matrix composites
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Reading assignment

¢ Chung, Composite Materials, Ch. 13.

+ No. 130, under “ Publications— cement” in
website
http://iwww.wings.buffalo.edu/academic/de
partment/eng/mae/cmr |

Functions

*

Structural

Strain/stresssensing

+ Damagesensing

¢ Temperature sensing

+ Electromagneticinterference (EM1) shielding
¢ Vibration reduction

¢ Self-heating

*

Applications of
strain-stresssensing

¢ Structural vibration control

¢ Traffic monitoring

+ Weighing (including weighing in
motion)

+ Building facility management

* Security

Stlrain/stress
_sensing______
* Piezoresistivity
+ Direct piezoelectricity

Piezor esistivity

+ Change of electrical resistivity dueto
strain

* Gage factor = fractional changein
resistance per unit strain

(morethan 2)

+ Gage factor up to 700 attained in
carbon fiber reinforced cement




+ Acoutic emission

+ Electrical resistivity
measur ement

+ Optical fiber sensor
embedment

+ Volumeresistance (for sensingthe
damage of a volume)

+ Surfaceresistance (for sensing the
damage of the surface)

¢ Contact resistance (for sensingthe
damage of an interface)

+ Apparent volumeresistance (for sensing
the damage of an interface between
dissmlar materials)
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Lnterface hetween

unbonded mortar elements
under cyclic compression
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Applications of
temperaturesensing

+ Thermal control
+ Structur al operation control
+ Hazard monitoring

Temperature sensing
methods

+ Thermocouples

* Thermistors

ement-based
thermistor

+ Carbon fiber reinforced cement
+ Activation energy = 0.4eV
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+ Stedl fiber reinforced cement Heating

(n-type)
¢ pn-junction
+ 70 microvolts/degree C
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Cement-based ]
thermocouple
s
+ Carbon fiber reinforced cement € 2] Cooling ,__
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o
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Thermoelectric
cement-based materials

+ Absolute thermoelectric power
tailored by using conductive
admixtures

¢ Carbon fiber for p-type behavior

+ Steel fiber for n-type behavior
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Absolute thermoelactric power
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Applications of electrically A \ —_—
conducting cement-based materials
+ EMI shielding
+ Electrostatic protection
+ Lightning protection
+ Cathodic protection
+ Self-heating
+ Lateral guidance in automatic
highways @ o)
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Cement pastes (with 1 vol.%
conductive admixture)

Steel fiber (8 microns)

Carbon fiber (15 microns)
Carbon nanofiber (0.1 micron) 12,000 ohm.cm
Graphite powder (0.7 micron) 160,000 ohm.cm
Cokepowder (lessthan 75 microns) 38,000 ohm.cm

40 ohm.cm
830 ohm.cm
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