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Experimental Study on the Effect of Degree of Saturation
on the Electrical Conductivity of Soils

I & A Ko, Hyojung
= g & Choo, Hyunwook
Abstract

The degree of saturation determines the connectivity of void space and the particle surface. Thus, it greatly affects
the electrical conductivity of soils. This study aimed to analyze the electrical conductivities of coarse grains with a
high relevance of pore water conduction and fine grains with a high relevance of surface conduction based on the
degree of saturation. It also aimed to express the electrical conductivity of unsaturated soils as a combination of surface
and pore water conductions using the modified Archie’s equation. Samples were prepared in a plastic cell equipped
with four electrodes, and the electrical conductivity was measured based on the porosity at various degrees of saturation
(40%~100%). The results demonstrate that Archie’s equation can be used to express the electrical conductivity of coarse
grains, with a saturation exponent of ~1.93 regardless of the pore water conductivity. However, the saturation exponent
of fine grains varied considerably with pore water concentration. This variation can be attributed to the relative magnitude
of surface conduction with respect to the electrical conductivity of soils at different pore water concentrations. Thus,
the degree of saturation has varying effects on pore water conduction and surface conduction. Therefore, different
saturation exponents must be used for pore water conduction and surface conduction to predict the electrical conductivity

of unsaturated soils using the modified Archie’s equation.
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Fig. 1. Grain size distribution
Table 1. Properties of tested materials
TyDe Dso (Um) Cu Gs Sa (mz/g) Eax Emin LL (%) PL (%)
K-5 sand’ | 800.0 | 147 2.65 0.03 1.07 0.69 - -
Kaolin clayz) 396 |6.580 253 10.92 - - 364 | 23.6
K Emperical equation (Santamarina et al., 2002)
Testing method | ASTM D422 | ASTM D854 2 Methylene blue spot test (Santamarina et al., | ASTM D4254 | ASTM D4253 | ASTM D4318
2002)
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Fig. 2. Test setup for electrical conductivity measurement. Note that Hc = high current, H, = high potential, L. =

potential
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Table 2, Test matrix for evaluating the effect of saturation on electrical conductivity

Type

K-5 Sand Kaolin clay

Sample preparation

Water pluviation Slurry mixing

y Initial porosity 0.45(Dr = 60%), 0.49(Dr = 30%) 0.47(1.5LL) — 0.82 (5LL)
Saturated condition .
o, (kPa) 1.85 - 416.39 (LR = 1)
ow (S/m) 0.51, 1.88, 4.20 0.12 - 420
Sample preparation Compaction
Unsaturated condition Initial porosity 0.45(0r = 60%), 0.49(Dr = 30%) 0.408 - 0.820
o, (kPa) 1.85 - 416.39 (LIR = 1) -
ow (S/m) 0.51, 1.88, 4.20 0.012 - 4.200

Dr = relative density; LL = liquid limit; o,” = applied vertical effective stress; LIR = loading increment ratio; o, = pore water conductivity
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Fig. 5. Electrical conductivity normalized in terms of pore water
conductivity and porosity (om/cw)/n*® as a function of
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