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Characteristics of Soil-Water Characteristic Curve
and Unsaturated Permeability of Sludge Mixture
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Abstract

In this paper, in order to solve high water content of water sludge and promote its recycle, sludge mixtures with
various mixing ratios were produced. Sludge mixture consisted of water sludge and weathered granite soil. Their physical
properties and unsaturated characteristics (soil-water characteristic curve, and unsaturated permeability function) were
investigated by laboratory tests. Experimental test results indicated that at a given matric suction volumetric water content
of sludge mixture increased as water sludge content increased. Air entry values of sludge mixture increased from 0.9
kPa to 2.4 kPa with an increase in water sludge content or fine content. In addition, unsaturated permeability function,
which is an important factor for performing infiltration analysis, was predicted using saturated permeability and soil-water

characteristic curve of sludge mixture.
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Table 1. Mixing ratio and mixing condition for sludge mixture

No. Type Symbol Ygmax Y, min D Yo Porosity Gs

1 Sludge Mixture (10%) SM-10 16.80 12.01 95% 16.47 0.34 2.55

2 Sludge Mixture (30%) SM-30 14.20 10.91 95% 13.99 0.42 2.44

3 Sludge Mixture (50%) SM-50 12.50 9.23 95% 12.28 0.45 2.40

4 Weathered Granite Soil WGS 18.70 11.93 95% 18.18 0.31 2.70

(v, = Dry unit weight, 75, = Dry unit weight at relative density of 95%, D, = Relative density, Gs = Specific gravity)
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Fig. 1. Grain-size distribution curve and compaction curve of sludge mixture

Table 2. Grain-size properties of sludge mixture and weathered granite soil

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

No.|  Symbol G(r;v)e' S(ao/?)d Silt a('],/od) Cayl p, Dao Deo C. Co USCS

1 Water sludge 1.5 58.9 39.6 - - 0.31 - - -

2 | sm-10 3.2 91.3 5.5 0.13 0.42 111 8.54 122 | sw-sC

3 | sm-30 25 87.7 9.8 0.08 0.31 0.79 9.88 152 | sw-sC

4 | sm-50 18 81.7 16.5 - 0.16 0.49 - - -

5 WGS 19.1 78.6 2.3 0.30 118 2.80 9.33 1.66 sw
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Fig. 2. Experimental apparatus and schematic diagram
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Fig. 3. Soil-water characteristic curve of sludge mixture
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Table 3. Fitting parameters for soil-water characteristic curve of sludge mixture

No. Symbol 0, a (kPa) n m Air entry value (kPa)
1 SM—-10 0.381 9.231 0.652 1.478 0.89

2 SM-30 0.494 10.512 0.610 1.310 1.60

3 SM-50 0.570 12.220 0.622 1.164 2.39

4 WGS 0.365 0.347 1.313 0.640 0.15
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Fig. 4. Air entry value according to sludge contents and fine content
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Table 4. Saturated permeability of sludge mixture

No. Symbol k, (m/s) Permeability Test
1 SM—-10 3.591E-06
2 SM-30 5.320E-07 Flexiple Wall
Permeameter
3 SM-50 2.720E-07 Technique
4 WGS 5.942E-06
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Fig. 5. Relationship between saturated permeability and fine
content
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Fig. 6. Permeability function of sludge mixture obtained from soil-water characteristic curve
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