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Background
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Electrical properties of concrete

Resistance (R): 

R = Applied voltage / measured current 
R = ∆V / I [ohm]



UMN 67th Annual Concrete Conference (2017)  December 7, 2017 Slide 4

Electrical properties of concrete

Bulk resistivity (ρbulk): 
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Material‐related parameter (no geometry effects)
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Electrical properties of concrete

Surface resistivity (ρsurf): 
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Electrical properties of concrete

Pore solution resistivity (ρo):  

• Pore solution resistivity is highly dependent on ionic composition.

• Liquid phase in concrete.

• Ionic-rich solution: sodium (Na⁺), potassium 
(K⁺), hydroxide (OHˉ), calcium (Ca²⁺), sulfate 
(SO4²ˉ) ions, etc.
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Electrical properties of concrete

Pore solution resistivity: 

Concrete 1 Concrete 2

• Same pore structure (porosity, 
connectivity, tortuosity), but 

ρo,1 > ρo,2

• Therefore:
ρConcrete-1 > ρConcrete-1

• Resistivity of concrete is not a fundamental material property.
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Electrical properties of concrete

Formation factor: 

• Pore solution effect is removed
• Fundamental property
• Inversely related to porosity (Φ) and pore connectivity (β)
• Known in petrophysics as Archie’s law (after Gustavus Archie)
who worked for Shell Oil Company
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Electrical properties of concrete

Formation factor: 

𝜌
measurement 
is done in 
seconds
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Electrical properties of concrete

Formation factor: 

• Assume a pore solution resistivity (0.04-0.12 ohm-m)
• Estimate from mill certs (NIST calculator)
• Estimate with thermodynamic modeling (GEMS software)
• Pore solution expression
• Other approaches that are in development
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Estimate from mill certs

https://www.nist.gov/el/materials‐and‐structural‐systems‐
division‐73100/inorganic‐materials‐group‐73103/estimation‐pore

Snyder et al. (2003)
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Estimate using thermodynamics

Snyder et al. (2003)

Pore solution: cOH‐, cK+ , cNa+ , cSO42‐ , etc.
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Measure from expressed solution

cOH‐, cK+ , cNa+ , cSO42‐ , etc.

Chemical analysis (XRF, ICP, etc.)

Direct measurement

Marisol Tsui Chang (2017)

Plusquellec et al. (2017)
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Formation factor of fresh concrete

Solution resistivity

Fresh concrete resistivity Formation factor of fresh concrete
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Performance Evaluation and Specification 
using the F-Factor
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Fresh Properties and F-Factor

𝐹 𝐴𝜙
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RCPT and F-Factor
ASTM C1202

• Takes 24+ hours with sample preparation and 
conditioning.

• Results are affected by conductivity of the pore 
solution, leaching, degree of saturation, and heat 
generation.

• We can fundamentally relate RCPT and resistivity:

Spragg et al. 2015
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RCPT and F-Factor

• More importantly, the F‐Factor can be 
related with the pore solution conductivity 
and RCPT:  
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Ionic transport and F-Factor

Ionic diffusion in water:

(Mobility of the ion at 25oC)

(Valance # of the ion)

(Universal gas constant, 8.3143 J/mol-K))

(Temperature, K)

(Faraday’s constant, 96,488 C/mol)

Einstein’s Equation

Example: 
Ions in 
water at 
25oC
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Ionic transport and F-Factor

ion i 𝐷𝑖, 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒

𝐷𝑖

𝜌
𝜌

Ionic transport in concrete:
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Ionic transport and F-Factor

Apparent chloride diffusion coefficient (Da): 

ASTM C1556

Da= ʄ(F‐Factor)
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Absorption and F-Factor

• Condition the samples (18 days)
• Absorption test (weeks) 
• Record mass change over time

ASTM C1585

M(t) vs. F

(Derived from first principles)
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Absorption and F-Factor
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Conclusions
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Conclusions

• F–Factor is a physical representation of the pore structure
• F–Factor is the ratio of resistivities (Bulk/Solution)
• F–Factor can be determined easily and rapidly
• F–Factor is not affected by chemical composition of pore 

solution, temperature, degree of saturation, other chemical 
admixtures

• F–Factor is related to many existing standard tests that are 
time-consuming, expensive, and error-prone.
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