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Strength and Permeability of Sand — Bentonite — Lime mixtures
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Abstract

When mixed with lime, sand-bentonite mixture is characterized by considerable hydraulic
properties similar to natural pozzolans and may therefore be increased in the strength of
sand-bentonite mixture. The present study reports that results obtained in a series of
laboratory tests carried out using particular mixing ratio of lime-sand-bentonite with the
aim of investigating physical characteristics, permeability and strength. The results were
compared and analyzed according to hydration time and lime content. Test results showed
that increasing of strength and decreasing of permeability by proper lime content. Curing
for longer periods increased unconfined compressive strength of mixture. Based on results
of the falling head permeability test, mixtures of lime content 3%, 6% and 9% were
satisfied in using as liner after 8-day curing periods.
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Table 1 Physical properties of sand

‘ Specific Dry Coefficient of |\ tricient of | Coefficient of | e than
Properties ravit gensity permeability uniformit curvature #200 sieve
g v ( g/ci ) (/s ) v ( % )
Values 265 162 2.1x10% 2.6 1.0 1.0
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Table 2 Physical properties and chemical components of Bentonite

Physical Specific gravity Swell index (m/g) Liquid limit (%)
properties 2.60 400
Chemical Si0, | AlOs | Fe0y! CaO | MgO| K,0 | NayO The Total pH
components others
(%) 59.80 16.70 522 2.55 245 0.87 3.85 8.56 100 10
Table 3 Testing items and values of bentonite for civil works
Testing Items Values
Water content 8~12%
Loose bulk density 0.75~0.85 (gf/cm®)
Residue on 0.074 mm Min.75%
pH 85~105
Concentration 0 (kg/m)
Marsh-Viscosity (Swelling time 1 hr.) Min. 35 s
Gel strength (Shearometer, Swelling time 1 hr.) Min. 3.0 (N/cm?)
Filter loss (30 min. 7bar) Max. 15 (ml)
Table 4 Grain size and chemical components of Lime
Size pH Chemical composites (%)
100 mesh .
passing (%) 126 CaO MgO Si0, The others
94 8351 1.42 421 10.86
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Table 5 Mix characteristics

Material ad diLEii\rlr;? %) Symbol
sand + bentonite (15%) 0 SB00
sand + bentonite (15%) 3 SBL3
sand + bentonite (15%) 6 SBL6
sand + bentonite (15%) 9 SBL9
sand + bentonite (15%) 12 SBL12
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Table 6 Compaction test results of each mixture

Mixture | <0 |SBL3|SBL6 | SBLS[SBL12
Items
MDD 1.73 74 7 183
( 7 d max . gf/cm”) s 1 176 8 186
OMC
78| 17 | 164 | 138 | 12,
(%) 17. 12.9
2.0
1.9

Dry density ( gf/cm3 )
=
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Moisture content (%)
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Fig. 2 Compaction curves of each mixture
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Fig. 8 UCS of SB00 according to curing days
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Fig. 10 UCS of SBL6 according to curing days
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Table 7 Unconfined Compressive Strength of each mix-
ture according to curing days

Curing Tim()e Unconfined Compressive Strength (kgf/cm®

(day

Qu (®
. 7 141 21 28 |
Mixture ! PR

SB00 198 1211|196 | 220 | 196 0.98
SBL3 140 | 542|577 | 631 | 784 5.60
SBL6 252 1166|2365 11372 | 1444 | 573
SBLS 246 ) 277 1 277 | 1157 | 1371 [ 557
SBL12 116173 | 1.95 | 438 | 538 4.63
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Fig. 13 The variation of UCS for curing days
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Table 10 Hydraulic conductivity of each mixtures according to curing time

Mixture Hydraulic conductivity (cm/s)
Curing
time (day) SB00 SBL3 SBL6 SBLY SBL12
1 6.0 x10~% 6.9 x107# 29 x1077 55 x1078 1.6 x10~°
7 55 x10% 7.1 x107° 45 x1078 34 x10°° 56 x1077
14 50 x1078 7.1 x107° 42 x1078 1.7 x1078 2.3 %1077
21 44 x107°8 9.8 x1079 2.2 X108 6.9 x107° 18 x10 77
28 19 x1078 46 x107° 11 x10°8 6.6 x107° 45 x1078
1e-5 — 9 3~9%F AR}
r-o- - SBL3
—v- - SBLE
o TE) va =

Permeability (cm/s)

1e-9 L i 1 1 1

Curing time (days)

Fig. 14 Variations of hydraulic conductivity of each
mixture by rigid wall permeability test ac-
cording to elapsed time and Lime content
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