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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)



I Chatted with my friend GPT
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What is electrical resistivity?
Poisson–Nernst–Planck (PNP) equations
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How fast ions travel? 
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• Limiting velocity of ions in unit field 

at 25oC in water (Vincent 1976)
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𝑠
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• 𝑂𝐻− → 206
𝑛𝑚

𝑠
 

• Electron velocity in a conducting 

wire is about 100 to 0.1 nm/s

• Walking speed (“velocity”) is about 

0.5 to 1 m/s

ℑ = 𝐸𝑞



How far ions travel in an AC field ? 
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Spragg 2013



Pore space
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𝑙 = 𝑣𝑡

In an alternating electric field, the direction of 

force changes; e.g., at 40 Hz, force direction 

changes 80 times; i.e., 𝑡 =
1

80
 and for Cl- 

𝑣 = 79 𝑛𝑚/𝑠 

The fundamental question what we need to 

answer is that how 𝒍, mean travel distance, 

relates to travel path of ions under 

concentration gradient (diffusion)

How far ions travel in an AC field ? 

If ions move about so little, would the structure of 

the solid matter?



Pore space

After Castro 2011

Jennings et al.
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𝜎𝑜: Conductivity of the continuous phase (often fluid)

𝜎: Conductivity of the bulk phase

𝜙: 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

G.E. Archie 1942
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𝜎𝑜 = 𝐹𝜎

𝐹 = 𝜙−𝑚



Hans-Olaf Pfannkuch 1972
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𝜎𝑜: Conductivity of the continuous phase (often fluid)

𝜎𝑑: Conductivity of the solid phase

𝜎𝑠: Specific surface conductivity

𝜙: Porosity or volume fraction of the con continuous phase

𝐹𝑖: Intrinsic formation factor

𝐹𝑎: Apparent formation factor

𝑆𝑝: Specific internal pore surface; ratio of the total internal surface 

area over pore volume



𝜌 = 𝐹𝜌𝑜

• 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.

𝜎𝑜 = 𝐹𝜎

𝜌𝑜: Resistivity of the pore fluid

𝜌: Resistivity of concrete 

Concluding remarks 
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