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Cement-based piezoelectric sensor

0-3 type of cement-based piezoelectric sensor
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Measurement of sensing system

2004 Square Wave Response, 0.1 Hz
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CA system (Kistler) — Fac3 in beam

Response to complex loading
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Results and Analysis



Field test on bridge N697A
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Installation on site




Response to passing truck
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Dynamic modulus and Poison’s ratio
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Where,

c, and c, are longitudinal and transverse
velocities, respectively. » is the density of the
concrete specimen.

The calculated result fit well with the dynamic
Young’ modular measured by standard method.
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Hydration monitoring using embedded sensor
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Hydration monitoring using embedded sensor

" VIn situ monltorlng

v Life-time monitoring.
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Cement conduction mechanism

cathode @

@ cation

@ anion

Conduction in cement is essentially electrolytic via ion
transport through the interconnected pore network.
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Non-contact resistivity measurement

Works as a transformer

No electrode
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Typical resistivity curve

Electrical resistivity (€2.m)
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Electrical resistivity (Ohm.m)
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Electrical resistivity rate (Ohm.m/h)



Penetration method for setting time

Initial setting:
Penetration resistance: 3.5 MPa

Final setting:
Penetration resistance: 28 MPa
(ASTM 403)
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Flectrical resistivity (ohm m)

Flectrical resistivity (ohmm)

Concrete setting time
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Compatibility between admixture and cement
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Predict strength and real water amount

Compressive strength (MPa)
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New pore size assessment methods

400"% -1

$=|(1-0.18)F +O.18]-(

4001/2 . Fl/2 j

0.9 H
L
08 r + Real
— Maxwell's
.. 07 — Lichtenecker's
= — Slawinski's
= 0.6 r — Whittington's
o —NIST's
> 057 —GEM
2 04 L — Archie's
5 O
© — Parallel
© 03 L — Series

Parallel

02 r

0.1 r

1 10 100 1000
N /

Formation Factor

J. Zhang, ZJ L1, “Application of GEM equation in microstructure characterization of cement-based materials”,
Journal of Materials in Civil Engineering, 21(11): 648-656, Nov. 2009. 24



New pore size assessment methods

a the same pore radius

2
1
d 8p,0w

d is diameter of pore(m)
P, IS the pore solution resistivity(Q)-m)

b the same applied frequency

s Is the specific electrical double layer s ¢
capacitance at the interface(F-m-2) R

® js angular frequency (rad-s?)
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New pore size assessment methods

Three kinds of components in one conductive path:

R---Resistance of pore solution
L----Inductance of the conductive path due to the tortuosity
C----Interfacial capacitance between the solid and liquid phases
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New pore size

assessment methods

Impedance(©-m)
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New pore size assessment methods

w/c=0.5
1 ym~10 pm
0.06 B 10 um~20 um

B 20 um~30 um
B 30 um~40 um
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Same Trend with MIP :

Porosity (%)
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1.The cumulative pore volume decreases with hydration time.
2.Small pore clusters always occupy large pore volume
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Thank you for your attention !




