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What is electrical resistivity?

* Electrical resistivity is a material's property that measures how strongly it resists the
flow of electric current (Google/Gemini)

Electrical resistivity and conductivity ¥ 18 languages v
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From Wikipedia, the free encyclopedia

This article is about electrical conductivity in general. For other types of conductivity, see Conductivity. For specific applications in
electrical elements, see Electrical resistance and conductance.

Electrical resistivity (also called volume resistivity or specific electrical resistance) Resistivity

is a fundamental specific property of a material that measures its electrical resistance or
Common symbols P

how strongly it resists electric current. A low resistivity indicates a material that readily

) L Sl unit ohm metre (Q-m)
allows electric current. Resistivity is commonly represented by the Greek letter p (rho).
. ) o 112113 ) 3 Other units s (Gaussian/ESU)
The S| unit of electrical resistivity is the ohm-metre (Q-m}.[ I1213] For example ifa1m
. . . . In S| base units kg-m3s73.A72
solid cube of material has sheet contacts on two opposite faces, and the resistance
. e o Derivations from A
between these contacts is 1 Q, then the resistivity of the material is 1 (-m. other quantities p= R?
. . . i i 3Tr—3)-2
Electrical conductivity (or specific conductance) is the reciprocal of electrical e ML*T 1
resistivity. It represents a material's ability to conduct electric current. It is commonly
signified by the Greek letter ¢ (sigma), but x (kappa) (especially in electrical Conductivity
engineering)lcaton needed] and y (gamma)loi=tion needed] are sometimes used. The Slunit | Gemmon symbols o, &,
of electrical conductivity is siemens per metre (S/m). Resistivity and conductivity are Sl unit siemens per metre (3/m)
intensive properties of materials, giving the opposition of a standard cube of material to Other units s~ ! (Gaussian/ESU)
current. Electrical resistance and conductance are corresponding extensive properties Derivations from 1

. N N . th titi 7
that give the opposition of a specific object to electric current. e P
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| Chatted with my friend GPT

What is electrical resistivity?
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Electrical resistivity is a fundamental property of materials that measures how strongly they resist the ELECTRICAL 2 = R =/ =/ L

flow of electric current. It's defined as the resistance of a material to the flow of electrical current per RESISTIVITY

unit length and cross-sectional area, and it's typically represented by the symbol p (rho). The formula

for resistivity is:

where: L

e R is the resistance in ohms (£2),

e A isthe cross-sectional area of the material (in square meters),

» L is the length of the material (in meters).

Resistivity depends on the type of material and its temperature. Materials with low resistivity (like
copper and aluminum) are good conductors of electricity, while those with high resistivity (like

rubber or glass) are insulators.
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What is electrical resistivity?

Poisson-Nernst-Planck (PNP) equations
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How fast ions travel?

» Limiting velocity of ions in unit field
at 25°C in water (Vincent 1976)
+ (7 > 79—
« Nat - 52%
+ H* - 362--
+ OH™ - 206~
« Electron velocity in a conducting
wire is about 100 to 0.1 nm/s

« Walking speed (“velocity”) is about
0.5to 1 m/s




How far ions travel in an AC field ?
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How far ions travel in an AC field ?

In an alternating electric field, the direction of
force changes; e.g., at 40 Hz, force direction

changes 80 times; i.e., t = 8—10 and for CI petal

v=79nm/s \__.

The fundamental question what we need to
answer is that how [, mean travel distance,
relates to travel path of ions under

concentration gradient (diffusion) +

If ions move about so little, would the structure of
the solid matter?
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G.E. Archie 1942

Oo
F =—= —m
=90
o, = Fo
F=g¢™

a,: Conductivity of the continuous phase (often fluid)
o: Conductivity of the bulk phase
¢: Porosity or volume fraction of the con continuous phase

m: Ranges from 1.3 for unconsolidated packing of spheres to about
2 for consolidated rocks



Hans-Olaf Pfannkuch 1972

2
F, = Fa<1 +Zj1 qbqb[LLf] +Z—Zsp>
a,: Conductivity of the continuous phase (often fluid)
a4: Conductivity of the solid phase
o,: Specific surface conductivity
¢: Porosity or volume fraction of the con continuous phase
F;: Intrinsic formation factor

E,: Apparent formation factor

S, Specific internal pore surface; ratio of the total internal surface
area over pore volume




Concluding remarks EEgsy e

o, =Fo

p=Fp,
p,: Resistivity of the pore fluid

ANHOLYTE | ©- - 40 M

: | DISTAANT FLOW |
i3-1%5mn .  i3-40mm

p: Resistivity of concrete T -

We can consider the formation factor as a 'lumping parameter' when
measured. In other words, it encompasses all the complexities of the
microstructure within a single measurable parameter, which is acceptable.

However, the question of how this parameter relates to the diffusion
coefficient needs to be investigated both theoretically and experimentally.



	Slide 1: Challenges and Advances in Understanding the Electrical Properties of Concrete  Moe Pourghaz, PhD Professor of Structural Engineering and Mechanics  Department of Civil, Construction, and Environmental Engineering
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12

