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Geotechnical Properties of Soil-Bentonite Mixtures
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Abstract

IIn order to figure out criteria of bentonite for using as impervious material of waste
landfill, laboratory experiments were performed to reveal the geotechnical properties of soil-
bentonite mixtures such as compaction test, direct shear test, unconfined compression test,
triaxial compression test, consolidation test and permeability test.

The results of the study are summarized as follows:

1. Based on the compaction test, optimum moisture content increased with the increase

of bentonite content, but maximum dry density decreased.

2. In unconfined compression test, the maximum strength of the soil-bentonite mixtures
appeared at 10% bentonite content. The correlation equation between stress(e ) and
strain(& ) of the soil-bentonite mixtures is given by:

a-e
e"+b
3. In shear test of the mixtures, the shear strength showed an increasing trend with

o=

increase of bentonite content and the maximum shear strength appeared at 10%
bentonite content.

4. In consolidation test, the coefficient of compressibility (s.), the coefficient volume ex-
tention (m,) and compression index (C,) increased with the bentonite content, but the

void ratio decreased with of consolidation pressure,
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Table 1 Basically physical properties of soil samples Table 3 Test values of properties of bentonite used
Ttem Values Remark for civil engineering works

Specific gravity, gs 265 KS F 2308 Classification Test values
Water conlent,  Wn (%) 1964 | Nature Water content (%) | 8~12
Liguid lmit, LL (%) 18,00 KS F 2303 Minimum dry density (gf/em®) | 0.75~0.85
Plastic lmit. PL (%) 1830 KS F 2304 Passing percent by No. 200seive (%) Min. 75
Plastic index, P1 (%) 1970 pH 8.5~105
Optimum meisture content, OM.C(%) | 16.98~225 | Soil-bentonite Concentration (kgf/m") 45

Max. Dry unit weight, ¥ dmax 149~173 | Soil-bentonite Marsh funel viscosity (s) | Min. 38 s
Passing through No200 (%) 64.188 gel strength Min. 3.5
Organic matter content (%) 8.28 KS F 2104 Filterate loss (cc/30min) | Max. 15ml
Soil classification CL USCS
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Fig. 1 Grain size distribution curve of field soil
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Table 2 Physical properties and chemical components of bentonite

. Specific Montmorillonite Swell index Liquid limit Apparent density
Physical ] 3
" gravity Content (%) (ml/2gf) (%) (gf/cm”)
properties 2.30 72.9 14.5 330 0.76
Chemical SiO; Al:O3 FexO3 FeO CaO | MgO | NapO | Others | Total pH
components(%) 63.70 19.82 2.65 0.24 0.92 1.09 2.11 9.47 100 9.6
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Table 4 Weights of clay-bentonite with mixing ratio

Mixing ratio (%) Clay (gf) Bentonite (gf)
5 1,900 100
10 1,800 200
15 1,700 300
20 1,600 400
25 1,500 500
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Table 5 Water amount of optimum moisture content for dried soils

Bentonite Wopt 74 » Added water guantity(gf)
content (%) (gf/cm®) (gf/cm™) . ,

(%) Soil Bentonite Total

0 16.98 1.729 2.023 289.8 0.0 289.8

5 18.89 1.646 1.957 304.0 74 3114

10 19.90 1.615 1.936 3134 18.5 3319

15 20.62 1.566 1.889 308.2 29.9 338.1

20 21.34 1.547 1.877 301.6 42.7 344.3

25 22.50 1.485 1819 300.2 59.2 359.4
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Table 6 Weight of soil-bentonite mixture in each mold

. mold 1 mold 2 mold 3
Bentonite -
Total Weight of Total Weight of Total Weight of
content . . .
%) weight one layer weight one layer weight one layer
(% ) (&) (gh)
0 136.22 4541 174.37 58.12 397.22 132.41
5 131.18 43.73 168.67 56.23 384.26 128.09
10 130.42 43.47 166.86 55.62 380.13 126.71
15 127.22 42 41 163.67 54.56 37091 123.64
20 126.42 42.14 161.78 53.93 368.55 122,85
25 122,51 40.84 156.78 52.30 357.16 119.05
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Fig. 4 Compaction curves of soil-bentonite mixtures
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Fig. 13 Relationship between shear strength and
axial strain(vertical stress 8kgf/cm®)
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Fig. 14 Consolidation curves for soil-bentonite mix-
tures

Table 7 Coefficient of compressibility, volume change,
and compression index with bentonite con-

tent
bentonite ay my
content(%) (cnﬁkéf ) | (cm®/kgf) <
0 739%x10% | 482x10° [ 1578x10"
5 888x10* | 5.88%10° | 1.688x10™
10 1.360x10™" | 7.77x10* | 2.682x10"
15 1.632x10" | 9.24%x10°% | 3.807x10"
20 1.788x10" | 9.38x107 | 4.032x10™
25 1.808x10" | 1.096x 10" | 4.660x 10"
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Table 8 Consolidation coefficients with bentonite content (Average) {cm?/s)
(Eressurg, 0% 5% 10% 15% 20% 25% Average
0.5 0.023677 0.019049 0.019234 0.015938 0.003011 0.006959 0.014645
1 0.035438 0.026088 0.012928 0.006884 0.000728 0.000174 0.013707
2 0.015629 0.01475 0.000514 0.000137 0.000285 0.000069 0.005231
4 0.003593 0.002491 0.000153 0.000067 0.000262 0.000044 0.001102
Average 0.019584 0.015595 0.008207 0.005757 0.001072 0.001812 0.008671
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Fig. 15 Curves of consolidation coefficient and pres-
sure with bentonite content
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