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Experimental study on effect of hydraulic gradient on permeability of clay
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Abstract: Permeability is one of the important properties of soil, which is affected by many factors such as porosity, particle
size and fluid properties. However, the permeability is generally considered to be independent of hydraulic gradient. By means
of the newly developed rigid wall seepage device, the consolidation and permeability tests on clay samples subjected to
different consolidation pressures are carried out under the condition of first gradually loading hydraulic pressure and then
gradually unloading hydraulic pressure. The results show that the void ratio and permeability coefficient decrease with the
increase of the hydraulic gradient for the loaded tests. It can be found that the effective stress of the samples increases after
consolidation by seepage force. The theoretical analysis verifies the rationality of the trend of permeability coefficient under
increased hydraulic gradient. For the unloaded tests, the void ratio keeps constant, while the permeability coefficient continues
to decrease with the decrease of the hydraulic gradient. This phenomenon is related to particle plugging and weak bound water.
The larger hydraulic gradient makes the weak bound water flow. With the decrease of the hydraulic gradient, the weak bound
water is in the viscous state, which leads to the decrease of pore water conductivity and the decrease of the permeability
coefficient. The linear fitting based on the test data shows that the loss in the permeability coefficient can reach half of the
initial value.
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Table 1 Physical parameters of soil
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Table 2 Loading schemes of tests
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Fig. 1 Gradation curve of grain
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s pJ/kPa Gl G2 G3 G4 G5
TL1 100 100 200 300 400 500
TUl 100 500 400 300 200 100
TL2 200 100 200 300 400 500
TU2 200 500 400 300 200 100
TL3 300 100 200 300 400 500
TU3 300 500 400 300 200 100
TLA4 400 100 200 300 400 500
TU4 400 500 400 300 200 100
TL5 500 100 200 300 400 500
TU5 500 500 400 300 200 100
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Table 3 Test data of void ratio of soil
I WIEaTL AFZKE T RFLBRE e

5 Bilbe Gl G2 G3 G4 G5
TLI  0.871 0832 0.806 0.791 0.782  0.777
TUI — 0777 0777 0.777 0.777  0.777
TL2  0.762 0.755 0.749 0.739 0.731  0.727
TU2 — 0727 0727 0.727 0.727  0.727
TL3  0.715 0.710 0.706 0.700 0.693  0.686
TU3 —  0.686 0.686 0.686 0.686  0.686
TL4  0.672 0.670 0.666 0.662 0.657  0.651
TU4  —  0.651 0.651 0.651 0.651  0.651
TL5  0.651 0.651 0.650 0.648 0.646  0.642
TU5 — 0.642 0.642 0.642 0.642  0.642
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Table 4 Test data of liquidity index
o YR ANEZK S TSRS L,

s MR Gl G2 G3 G4 G5
TLI1 046 041 037 035 034 0.33
TU1 — 033 033 033 033 0.33
TL2 031 030 029 028  0.27 0.27
TU2 — 027 027 027 027 0.27
TL3 025 024 024 023 022 0.21
TU3 — 021 021 021 0.21 0.21
TL4 0.19 019 0.18 0.18  0.17 0.16
TU4 — 0.16 0.16 0.16  0.16 0.16
TL5 0.16 016 0.16 0.16 0.16 0.15
TU5 — 0.15 015 015 0.15 0.15
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Table 5 Test data of permeability coefficient

ke AFEKIE T H9955 230 k/(10 ®em-s )
Y5 Gl G2 G3 G4 G5

TL1 76.48 62.58 51.47 42.57 36.14
TUI 36.14 32.85 30.42 27.97 23.06
TL2 20.26 18.67 17.92 15.68 13.70

TU2 13.70 14.12 13.30 11.19 8.99
TL3 9.90 9.21 8.88 8.41 7.59
TU3 7.59 6.82 6.05 6.00 3.95
TLA4 5.66 4.79 4.21 4.08 3.47
TU4 3.47 3.13 2.55 2.40 1.89
TL5 0.92 1.43 1.91 1.92 3.42
TUS 3.42 3.09 2.51 2.35 1.85
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Fig. 3 Variation of void ratio with loaded hydraulic pressure
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Fig. 4 Force diagram of soil seepage
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Table 6 Calculated values of increased effective stress

RIE  FELE AFEKIE N I8 I0 7 205 77 pa/kPa
%5 S1pJskPa Gl G2 G3 G4 G5

TL1 100 28.1 54.8 72.7 84.4 91.3
TL2 200 24.5 34.6 523 67.4 75.3
TL3 300 11.7 20.9 352 52.8 71.2
TLA4 400 17.1 29.4 42.1 58.6 79.0
TL5 500 8.2 12.0 19.6 27.3 43.0
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Fig. 6 Variation of stress difference with hydraulic pressure
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Fig. 10 Effect of hydraulic gradient on permeability in TL1
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