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Physics of Seismo-
~electromagnetic Phenomene
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+ Seismic Precursors

+ Seismo-Electromagnetic Phenomena (SEM)

4+ Field Observations

+ Project
+ Atmospheric Electric Field (Sousel EQ)
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SEM Phenomena

+ Anomalous electrical UFELFME  Possible
S1 gnals IR emission SEIORS . Pre-Earthquake
\\ _ . Signals
4+ Abnormal ultra-low Sy

frequency EM emissions

+ Anomalies in very-low
and low frequency radio
transmissions

+ Variation of the total
electron content (TEC)
in the 1onosphere

+ Atypical IR emissions
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Field Observations
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Project

Atmospheric Electric
Field Sensor

s
"i

Radio Receiver for
VLF/LF signals

Magnetometers for ultra-low
frequencies (planned)
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Atmospheric Radon Meter
(installation)
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Sousel Earthquake

The EQ occurred March 27, 2010

Sousel

The electric field sensor was

km from the E




- Atmospheric electric field

The electric field sensor is a
JCI 131 installed at the
University of Evora. This
equipment is in operation |

- since February 2005 to date.

August-2008




Atmos >heric electric field

\ No human dzsturbance or
|

M M ik (

was found
‘Il 1M
3 60

Weather conditions during the earthquake: the =
blue lines indicate the duration of the decrease of

Atmospheric Electrical Field (V/m)




zAtmos >heric electric field

. [ "“ For_dhis event o significant

seismic activity occurred in the
region
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- Atmospheric electric field

lonosphere

Surface layer




- AEF: sum-up

+ This study Provides the first clear evidence of a significant
reduction of the vertical component of atmospheric electric
field in the preparatory phase of a seismic event.

+ These observations support the idea that the radon
emanations are the mechanism behind this decrease.

+ Additional work is needed to confirm this hypothesis, in
: parhctllglalar, the systematic measurement of radon levels is
= essential. —

+ The installation of new atmospheric electric field ser
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Laboratorial Experiments
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Impedance spectroscopy

GM is a granodiorite grey
coloured and medium grained
rock with homogeneous
appearance. Dark minerals is
mainly biotite.
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YC is a porphiritic coarse grained
biotitic-muscovitic granite,
yellow coloured and
characterized by an abundance
of large feldspar usually showing
poorly defined shapes.

RM is a granite with a
homogeneous medium grained
matrix (occasionally coarser
grained quartz) and light rosy
coloured determined by the
tonality of the feldspar crystals
that stand out from a greyish
matrix,
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Impedance spectroscopy

- Circular samples with approximately 24
| mm diameter and 2-4 mm in
thicknesses were prepared. Once cut
and carefully polished (with a 15 pm
polishing disc) the samples here heated
from room-temperature (RT) up to
~400 K and after cooled down again.

N e

= Circular electrodes mthadlameter of 20 mm were then established
lver conducti pamt (m the futm'e. N contacts
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Impedance spectroscopy

Impedance spectroscopy was done with
Vo = 1 V test signal in the frequency n Vacuum
~range of 40 Hz to 1 MHz at stabilized '~
~ temperatures ranging from 100 K to 360
K. It was used an Agilent 4294A

Precision Impedance Analyzer.
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pedance spectroscopy

Impedance spectra at different temperatures: a) Real part of the dielectric constant; b)Imaginarypan@fthedieleeuieemt‘ e
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pedance spectroscopy

Impedance spectra at different temperatures: a) Real part of the dielectric constant; b) Imaginary part of the dielectric constant. 4
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Impedance spectra at different temperatures: a) Real part of the dielectric constant; b) Imaginary part of the dielectric constant.
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~ IS: sum-up

+ An anomaly in the dielectric behaviour near 7'~ 220 K i1s
found.

+ This temperature is typical of the sufger-pooled cgléase
trand sition of strongly confined water affecting ele
evises.

4+ Samples YC and RM show a relaxation process takin % lace
| atf .p~ l()t3 Hikreadily evidenced in thg K" curves gre a
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Theoretical Model

with

dro M. Areias*, José E. Gar¢do*, Nicolas Van Goethem?




Piezoelectric effect

Mass conservation

d(Jp)

ot

= (

with

- Cauchy equation of motion and Cauchy lemma

J = det F




Piezoelectric effect

Maxwell’s equations for insulators 2.. = 0and ;... = 0.

Vxh+d=0
V-b=0
;Vxe+b:0

| V-d=0

With boundary conditions
n-bl=0 nx[h-uvxd|
n-|ld]=0 nx|le+vxb|
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Piezoelectric effect l

Strain tensor
1
E — 5 (b — I ) Ogdon model, N=2 (Mooney-Rivlin material)
- Total Helmoltz free energy
~ Derived to generate the correct expression for the Maxwell stress tensor B—




- Piezoelectric effect

The corresponding damage loading function
90(6) - (1 — D)81 — Emax

The following loading/unloading conditions
p(e) <0
De(e) =0

) > (

e
~

—
T

irchhoff stress tensor, the electric field and th
e T ok o
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Piezoelectric eftect

The first variation of 7, e and b with respectto &, dand &

0%q) 024} 021}
Y — 882 : 0€ | 9edd -od i 9eoh - 0h
021 021} 0%1)
o= st i fe+ o - dd+ - - b
5’2@0 021} 0%1)

The third derivatives with respect & , d and h are also needed for b
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Piezoelectric eftect

Integrating in 2 provides the virtual work

oW = T:V5uon+/ b-5hd90—/ (VX5h)'edQ0+/
Qo

5 8 5 (v i d) . 6d A+

Tb/ VbV - 0bdQ)y + ry4 V-dv-ddd§20+/
Qo

SAin - [[b]]dI" + / SAin - [[d]]dT+

Qo r

/5)\flfn><[[h—vxd]]dI‘+/(5)\£Inx[[e+vxb]]dF—/ t-5udFt+/ex5hdF=0
r r I'; r

The second variation of W is also required for the application of Newton's method.

The backward-Euler method is used for the integration

y bn—l—l - bn
b=

At
dn—l—l — dn

d
At

12
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Piezoelectric effect

- The 0 -variation of V()
o0V (o) =V (e) — V(o) Viu
The d-variation of V(*)
dV (e) = Vd (e) — V (o) Vdu
~ The 2D discretization is based on a 3-node triangle
— u = ZNK’LLK

 d=) Ngdx

Here * is a tensor and
V is a spatial gradient




Piezoelectric effect =

E[X]
8.924e+08

6.556e+08

Imposed displacement

Original geometry

6.6666+0]

3.034e+07

-5.978e+06 |

-4.230e+07 i

-7.862e+07

At =1x 10" s (each step 100% elongation) E[Y.

At =1x 107" s (each step 10% elongation) 1.776e+0

At =1x10% s (each step 1% elongation) [
‘ ‘ ‘ 8.849¢+07

-6.058e+05 |

-8.970e+07

-1.788¢+08

-3.808¢+07 | |

-4.278e-02

20 30 40

Accumulated number of iterations




Piezoelectric eftect

Damage:

DAMAGE
9.990e-01

4.995e-01

2.498e-01




Piezoelectric eftect

E.(V/m):

E[X]
7.500e-01

4.375e-01

1.250e-01

-1.875e-01



Piezoelectric eftect

E, (V/m):

E[Y]
7.500e-01

4.375e-01

1.250e-01

-1.875e-01



Piezoelectric eftect

B, (T):

BZ
3.000e-01

1.000e-01

-1.000e-01

-3.000e-01



PE: sum-up

+ We were able to successfully integrate Cauchy equations of
motion and Maxwell equations within a finite strain
fracture framework

+ Despite oscillations in the magnetic field, we found results
physically significant and in agreement with what is

expected

'_ Fnrtlm verification and validation are reqmred to firmly
addxhomtoourapproach
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Thank you very much
for your attention!




