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A Study on Characteristics of Hydraulic Conductivity in the Soil-Bentonite
Mixed Soils with Compaction Energy and Swelling in the Landfill
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ABSTRACT

A barrier liner system is placed at the bottom and side slope in landfill to protect a leaking of
leachate that the hydraulic conductivity of this system should be less than 1x10%cm/sec.

In this study, the soil-bentonite mixture for the bottom liner system was evaluated in two
point of views ; changing characteristics of the hydraulic conductivity according to the different
mixing ratio of soil-bentonite with the effect of bentonite swelling and the difference method (A
& D type) of compaction on the hydraulic conductivity.

As the results, maximum dry density um.,) of SC group mixture was higher than of CL group
mixture, However, the result of optimum moisture contents(OMC) of both groups were the
contrary. In case of Y., by different compaction method, D type was higher than A. But the
OMC were the contrary.

The difference of Yimx according to the compaction energy, “SC’ group mixture was higher
than the “CL" group. In case of OMC of “CL’ group was higher than “SC” group. The effecting
of swelling was a little bit different on the two factors.

According to the result of compaction test, the use of site soil only could not meet the criteria
on hydraulic conductivity, but could find a solution for the mixing ratio of bentonite mixture
were satisfied to the standard of barriation.
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The increased in bentonite mixing ratio and degree of swelling, the values of hydraulic
conductivity were decreased. Especially the ‘CL" group with ‘D’ type compaction measured the
lowest value with the same conditions. Also, the bentonite mixing ratio has more influenced on the
hydraulic conductivity compare with swelling effect. The “SC" group mixture with “A” type
compaction got a big difference from others.

The evaluation of economic for the construction cost on the two cases, the lower bentonite mixing
ratio of soil-bentonite mixed soil is more economically because of bentonite cost.

Key words : landfill, bentonite, swelling, maximum dry density, compaction, optimum moisture
contents, hydraulic conductivity
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Table 1 The Physical Properties of Soils
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Test Items Test Contents Soil 1 Soil 2 Remarks
Specific Gravity Test Specific Gravity 2.674 2.696
Natural Moisture Content Test Moisture Content(%) 11.7 18.0
Atterberg Limit Test Liquid Limit (%) 36.4 44.0
Plastic Limit (%) 221 283
Plasticity Index (%) 14.3 15.7 PI=LL-PL
Particle Size Test D10 (mm) 0.005 0.0018
D30 (mm) 0.022 0.010
D60 (mm) 0.370 0.033
Coefficient of Uniformity (Cu) 74.0 18.33
Coefficient of Curvature (Cc) 0.26 1.68
Maximum Particle Size(mm) 10 10
P10(%) 86.3 98.1
P40(%) 62.0 86.6
P200(%) 48.0 68.9
Classification of Soil SC CL USCS
Table 2. The Chemical Compeosition of Bentonite
Chemical S0, | ALO, | Fe0, | CaO | MgO | NavO | KO | others
Components
Contents(%) 60.6 17.7 2.89 264 3.60 4.46 0.84 6.52
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Table 3, The Compaction Test Result

Soil 1(SC) Soil 2(CL)
. . Bentonite Y dinax OMC Y dmmax OMC
Classification
Content (%) (g/err) (%) (gferd) (%)
A D A D A D A D
0 1.806 | 1912 | 150 132 ] 1.665 | 1.754 | 20.5 18.0
3 1.790 | 1.899 | 155 136 | 1.645 | 1.738 | 21.1 18.5
Swelling Index 10cc/2g 5 1.776 | 1.888 | 15.8 139 | 1.627 | 1.724 | 215 18.8
7 1.765 | 1.877 | 16.1 142 | 1.610 | 1.710 | 219 19.2
9 1.752 | 1.869 | 16.5 145 | 1592 | 1.697 | 223 19.6
0 1.806 | 1912 | 150 132 | 1.665 | 1.754 | 20.5 18.0
3 1.784 | 1.891 | 16.0 142 | 1.641 | 1.733 | 21.6 19.0
Swelling Index 20cc/2g 5 1.765 | 1.875 | 16.8 148 | 1.621 | 1.715 | 225 19.8
7 1.747 | 1.858 | 17.6 153 | 1.602 | 1.696 | 234 | 205
9 1.728 | 1.841 | 183 160 | 1.582 | 1.678 | 243 21.3
0 1.806 | 1912 | 150 132 | 1.665 | 1.754 | 205 18.0
3 1.779 | 1.886 | 163 143 } 1.631 | 1.727 | 220 19.2
Swelling Index 30cc/2g 5 1.755 | 1.864 | 174 15.1 | 1.604 | 1.700 | 233 20.0
7 1.730 | 1.842 | 185 160 | 1.578 | 1.675 | 247 | 21.2
9 1.705 | 1.819 | 19.7 16.8 | 1.550 | 1.650 | 260 | 222
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Table 4, The Hydraulic Conductivity with Bentonite Swelling, Mixed ratio, Compaction method
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Soil 1(SC) Soil 2(CL)
. Bentonite Hydraulic Conductivity Hydraulic Conductivity
Classification
Content (%) (cm/s) (cm/s)
A D A D
Soil 0 2.33x10* 9.49 x 107 7.94 x 107 5.69 x 107
3 8.69 < 107 6.05 x 107 5.62 x 107 3.35x 107
Swelling Index 10cc/2g 5 5.26 x 107 2.93 %107 3.05x 107 1.35x 107
7 2.67 X 1§07 1.09 X 107 1.44 x 107 7.47 % 10®
9 1.21x 107 7.22%10° 8.68 x 10* 5.04 x 10*
3 7.27x 107 532x107 4.09 x 107 2.55x 107
) 5 3.82x10¢7 2.11x107 1.47 X 107 891 x 10*
Swelling Index 20cc/2g 141X 107 9.20% 10° 734x 10° 492x 10°
9 7.82x10* 6.25%x10% 4.80x10°® 2.87x10*
3 5.92 %107 448107 2.93x 107 2.05 %107
. 5 2.49 X 107 1.69 < 107 8.55 x 10°® 7.10x 10®
Swelling Index 30cc/2g 9.04 10° 6.85 % 10° 5.40% 10° 347X 10°
9 6.11x10? 4.76 X 10°* 343x10° 1.86x10®
Table 5, The Cost Comparison
e Swelling Index Compaction Bentonite Bentonite
Classification
(cc/2g) Method Content*(%) Cost
Soil 1(SC) 10 A 94 1.57
D 7.5 1.34
20 A 82 227
D 6.9 2.04
30 A 6.8 2.82
D 6.2 274
Soil 2(CL) 10 A 8.6 1.31
D 6.1 1.0
20 A 6.1 1.57
D 48 1.31
30 A 4.8 1.84
D 4.5 1.84

* Calculation on Hydraulic Conductivity Curve(1 X 107cm/sec)

2E 20cc/2g Al 9%, 30cc/2g% ASolE 7%, 30cc/2g% A% T%014 1x10"cm/secol 3t

%M 1x10°cm/secol3lel B47A4E BEsgt. o E4ASE BEan
¢ DeAelE 10cc/2g] BEEE AHA WL FH CLERES A¥d%2 29 ATFA
JNEES WFAAL o= 9%, 2cc/2gd ALE  10ce/%g8 BEEES 7 MEUO|ES WYY S 1)
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