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Abstract
In this study, the magnitudes of

representative lateritic s

Standard heavy (BSH) effort were measured as t
wet of optimum moisture cont

varied from 2% dry of optimum to 2%

soil mixtures are qualitatively classified as low to medium swel

using existing classification charts in the literature. Bot :
early with increase in the amount of bentonite but

soil mixtures increased approximately lin

swell parameters namely free swell and s

oil treated with 0,2.5,5, 7.5 and | : HEd ‘
he initial degree of saturation of soil mixtures were

well pressure of a

0% bentonite and compacted with British

ent. Results indicate that the
ling soils (PI < 35; free swell <50)
h free swell and the swelling pressure of the

decreased with increasing degree of saturation of specimens. Data developed in this study will
provide an understanding of the swelling capacity of soil mixtures for the most efficient placement

of material in the field.
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Introduction

Soil swelling is a complex phenomenon
with significant consequences for soil-structure
interaction. It constitutes a global problem in
construction such as highways and shallow
foundations particularly in the arid and semi arid
regions. The resultant swelling effects are often
large enough to cause considerable distress or
instability to lightly loaded engineering
structures. Structural damage caused by
swelling of expansive clays such as cracks in
masonry fences, grade beams, and members of
reinforced concrete, uplift of floating slabs on
grade and heave of pavements and walkways is
well documented in the literature (Chen, 1988;
Al-Rawas and Goosen, 2006) and is aggravated
when the underlying soils are periodically and
(or) differentially wetted.
Notwithstanding these shortcomings, high
swelling potential of clayey soils is favourable
and desirable in relation to their use in the
construction of some geotechnical structures

such as cores of zoned earth dams, hydraulic
caps and barriers for hazardous waste
containment and other environmental isolation
tasks. In liners of waste containment structures
for example, the design concept should satisfy
the requirements for the sealing performance
withrespect to filling cracks or gaps between the
barrier material and host soil. High swelling
capacity will be needed to achieve low
permeability and sealing capabilities but the
swelling pressure should not be too high to
avoid excessive load on the surrounding soil
(rock).

Based on some favourable geotechnical
properties such as greater chemical resistance
and low susceptibility to desiccation shrinkage
(Os'inubi and Nwaiwu, 2008), lateritic soil, a
residual soil found in abundance in the tropical
and sub t.ropical climates met the requirements
as matenial for hydraulic structures. However,

due .to' the predominance of non expanding
kaolinite clay mineral, the soijl generally
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Materials And Method
Study Soil

soper 0'1"511:31 sstudy soil wz?s obtained from the
S -. i .. m nf tne soil profile at the site in
. aria, Nigeria (Latitude 11015’ N and
Longitude 7045' E). The soil is a natural reddish
brown soil with inclusions of white mottles.

Bentonite:

The bentonite used in this study is in
powdered form and was obtained from a major
supplier in Lagos — Nigeria. It is a representative
of typical bentonite frequently used locally for
construction purposes.

Index Properties tests

The particle size distribution, Atterberg
limits and compaction properties of the soil
mixtures were measured in accordance with
standard procedures outlined in BS 1377
(1990). The soils were air dried and pulverized
sufficiently to run through the No. 40 sieve
(425pm) for Atterberg limit tests andNo. 4 s?e\'e
(4.76 mm) for compaction as well as swelling
tests. The required percentage of tap water bil?éd
on dry weight was added 10 obtain the dcsnren
water content (at optimum, 304, dry as well as
wet of optimum moisture content)

thoroughly mixed untl

hieved. Processcd
ere compacte

and
| uniform consistency
soil specimens for
e d with

compaction gtudies W
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British Standard heavy (BSH) compactive

effort.

Free Swell Test: '
Free swell test was conducted In
conventional one dimensional oedometer
apparatus (Sivapullaiah et al., 1978; Chen,
1988). In the test, soil mixtures prepared at
predetermined moisture content wefre
compacted in a consolidometer ring with British
Standard heavy (BSH) compactive effort,
inundated with tapwater. Silicon grease was
applied to the inner surface of the ring to
eliminate friction. Specimens were then allowed
to swell under approximately zero vertical
pressure, that is, swell plate consisting of
perforated plate with adjustable stem only. Swell
measurement (i.e., height) was taken at 96 hours
as swelling did not occur past the 96 hours.
The percent of free swell is expressed as:

Free Swell (°o)=A:—~xlOO (n
Where AH = Height of swell due to saturation
H = Original height of specimen

Swelling Pressure Test

Vertical swelling pressure was measured
using potential volume change (PVC) meter
carried out in accordance with the procedures
outlined in Chen (1988) as well as Nelson and
Miller, (1992). The test consists of placing a
specimen compacted with British Standard
1eavy (BSH) effort at different compaction
tates (dry of optimum, optimum and wet of
)ptimum moisture content) into g
onsolidometer ring. As in the free swell test,
ilicon grease was applied to the inner surface of
1e ring to eliminate friction. The samples were
1en inundated with tap water in the device and
llowed to swell against a swell plate with 3
roving ring. The pressure at steady state on the
roving ring measured by a digital strain meter
asreported as the swelling pressure,

Results and Discussion

operties resulls
Index Propertiesre. .
The experimental result of the particle

size characteristics for the lateritic soil sample
presented in Fig. I indicate a fines content
(combined clay/silt) of 57%: The clay
mineralogy of the soil is predommantl.y al:l
lattice clay mineral (i.e. kaolinite) .thh non
expanding lattice structure. The consxsten(‘:y of
the natural soil determined by Atterberg limits
together with specific gravity and linear
shrinkage (LS) is reported in Table I as well as
in Fig. 2. Test results presented in Fig. 2 showed
increases in Atterberg limits of mixtures with
higher bentonite content.

Table 1: Properties of natural lateritic soil

Characteristics Quantity
Natural moisture content (%) 19.60
Liquid Limit (%) 42.20
Plastic Limit (%) 19.98
Plasticity Index (%) 22.22
Linear shrinkage (%) 5.56
USCS Classification CL
Specific gravity 2.60
pH 6.67
Activity 0.92
Colour Reddishbrown
Dominant Clay Mineral Kaolinite

Table 2: Properties ofbentonite used in the study
Property

Quantity
Liquid Limit (%) 250
Plastic Limit (%) 45
Plasticity Index (%) 205
Percent Passing # 20 Sieve 92
Specific Gravity 24
Swelling Potentia High
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35.60 58.14 . action tests are reportedin Fig. 3. The
aximuy g : L
37.40 21 73 i N dry unit Weight decreased, while the
, tmun i4tars '
2.40 2.46 highe b‘ Moisture  content  increased with
.lr c . - &
0.22 242 el ;nnnm. content. Maximum dry unit
values . .
0.85 ND 17.98 - 15 ;T‘* were found to be in the range of
, 2.00 ND 13,889 . .kN/mB corresponding to 11.56% -
g 9. 0 opt
ND 0.52 differont p.'mum water content values for
: ) Cnt soi] myj .
ND 1.86 —— .leturcs, These properties are in
cement wit . :
ND 2.08 (2009) A h the range obtained by Amadi
. as well as
Do 146.00 3.28 Bentonite . untohar (2003).
;ﬂ, ] i€ treatment resulted in the formation of
- €l ar - ; :
ined g ound the soil particles and the consequent
« Jetermin€ Increase in effective sj ,
Noi ective size of soil particles as wel|

e increasing trend was expected and is ::dz::t\i,;di: (;:im& h.l o wo'rds, there wis
e of the increase in clay fraction increased ﬂociruplz?ils:,e r:pulsx.or] forcets and
Llﬂ the MIXEUFES. Bas'ed 7 Parameter S moisture content and reduc: thralse e
. ed from index proper.tles, Soil mixtures unit weight (Lambe 1958) .

sified as low 10 medium swelling soils ’
+-15-35). Mixtures containing 0 — 5%
,L.Mgre graded as inorganic clay soils of
ity (CL), while mixtures with 7.5 —
wunite may be classified as CH soils :
% Unified Soil Classification System
. 1%50: Nelson and Miller, 1992).

Fig. 3: Variation of maximum dry unit weight
and optimum moisture content with bentonite

content.
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The variation in measured free swell of

firicle size distributions of soil
mixtures with bentonite content 1s

soil

R _ . illustrated in Fig. 4. The resulting trend is a
[ - B - general crease in free swell with higher
- ' | ~ bentonite content. This is indicative of an
. increase in the more active montmorillonite clay
O ndx e e e ol et 3 192
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34.4,41.5 and 47% respectively for compaction
dry of optimum and 16.67, 20, 23.8. 28.57 and
dry of optimum and 16.67, 20, 23.8, ‘

31-.03“-0. respectively for optimum compactlon
while 15, 15.8, 17.2, 20 and 23% respectively for
wet of optimum compaction for 0, 2.5, 5. 7.5 gnd
10% bentonite contents mixtures. Soils having
free swell values greater than 100% are normally
considered potential problems and can cause
considerable damage to lightly loaded
structures, whereas soils with free swell values
below 50% probably do not exhibit appreciable
volume changes even under light loading (Holtz,
1959).

For purposes of classification in terms of
swelling potential, the lateritic soil - bentonite
mixtures used in this study may be qualitatively
classified as low to medium swelling soils (free
swell < 50) based on the classification chart for
expansive soils in the literature (Holtz, 1959;
NBRRI, 1983).

Fig. 4 also represents the effect of initial
degree of saturation on the swelling potential of
soil mixtures. Mixtures compacted at initial
moisture content dry of optimum were observed
to have higher free swell when compared to
mixtures compacted at optimum and wet of
Optimum moistures, hence at the same bentonjte
content, free swell valyes for dry of optimum
moisture content plotted above free swel] values
for optimum and wet of optimum compaction,
This is followed by free swel] values at o
compaction and lastly by wet of o
compaction.

ptimum
ptimum

The lower valyeg of free gwel) for
specimens with higher degree of saturation may
be expected, since as the initial waer content
increases, for specimens having (e same
bentonite content, the affinity of the mixtyre 1,
absorb water diminishes. |t follows gy, the

amount of water absorbed f, complete

aturation will become smaller, and
S ¢ L "
nsequently the amount of swelling wil|
Cons 3 g
decrease as the initial water contentincreases.

Dy of OptraIs Mo oo
4 = (Optnam nosiore content .

Wt 0f Gpumnm mOsare coment

Free swell (%,
.
.
.

Bemtonste comtent (%)

Fig. 4. Variation in swelling potential with
bentonite at various compaction states

Swelling pressure
Relationships between maximum
swelling pressure and bentonite content at the
various compaction states are reported in F ig. S.
As Indicated by the data in Fig. 5, swelling
pressure is collectively a function of bentonite
content and initial degree of saturation. While
mixtures recorded increasing trend in the
swelling pressure with higher bentonite content,
reduction in values of swelling pressure were
observed as the compaction state changed from
dry to wet of optimum. Compaction on the dry
side of optimum (1e., at approximately 2% dry
of optimum moisture content) produced
swelling pressures valyes 0f5.5,11.6,18.5,22.4
and 28kN/m2 for 0, 25, 5, 75 and 10%
bentonite contents respectively. At OMC. the
swelling pressure values decreased to 22, 6.8,
15.6, 19.55 ang 23kN/m?2 respectively for the
Same sequence of bentonite application. Further
reductions ip the magnitudes of swelling
pressures were established when samples were

Compacted at 2% wet of optimum moisture

content, Swelling Pressure values of 2.5, 3.5.4,
6, 8.4 and [12kN/m2 were recorded for 0, 2.5, 5,
7.5 and 10% bentonite

contents respectively.
The obseryed trend is ¢

\ onsistent with what has
e reported by oiher investigators for clay
Soils treateq with bentonie (e.g. Low, 1981:
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(uclusions
In this study, the impact of variation in

i¢ content and initial moisture content on
ling parameters of lateritic soil treated
" bemonite has been analyzed. Laboratory
“ sich as consistency limits, free swell and
: pressure were carried out to assess the
ddes of swell parameters in the lateritic
:»3 with0,2.5, 5, 7.5 and 10% bentonite
“Mmpacted with BSH effort at various
”‘“J“ states namely 2% dry of optimum
i"Umf:‘m, at opumum moisture content
| :‘“L‘? f)i Optimum moisture content. From
SIS, it was established that the free
'%di Pressures of soil mixtures

!
1081 Imcarly with the amount of

e

bentonite but decreased with increasing degree
of saturation of specimens. Based on the
classification chart for expansive soils, the soil
mixtures were classified as low to medium
swelling soils.

The data developed in this study will provide an
understanding of the swelling capacity of soil
mixtures for the most efficient placement in the
field and in addition guide against improper/ or
excessive use of the additive to avoid excessive
mechanical stress that could result in failure.

References

Lambe, T. W. (1958). The Structure of
Compacted Clay, Journal of the Soil Mechanics
and Foundations Division, ASCE, Vol. 84, No.
SM2, Proceedings Paper 1654, May 1958, —-34.

Al-Rawas, A. A. and Goosen, M. F. A. (2006).
Expansive Soils: Recent Advances in

Characterization and Treatment. Taylor and
Francis, New York, 526 pp.
Amadi, A. A. (2009). Free Swell as a
compatibility test for lateritic soil — bentonite
mixtures as landfill liner material. Nigerian
Society of Engineers (NSE) Techmcal

Transactions, Vol. 44, No. 2,30-45.

BS 1377 (1990) 'Methods of Tests for soils for
Civil Engineering Purposes' British Standards
Institutions, London.

Chen, F. H. (1988). Foundation on Expansive
Soils. Elservier, Amsterdam.

Grim, R. N. (1978). Bentonite:
Geology, Mineralogy, Properties and Uses.
Elsevier Science Publishing, N.Y.

and Guven,

Holtz, W. G. (1959). Expansive clays
properties and problems. Quarterly Colorado
63 volume | No. 1 -2014



hil

A HP"HS A' A’"ﬂd’ A'"ho’"a aluklﬂ" Gbﬂdeb()
g
1

90~ 125.
School Mines. Vol. 54,No.4, .
ng of clay 1. Soil

"The swelli
Low, P. F. (1981). 'The swe 1 Vol. 45, 1074-

Science Society of America
1078.

Soil
Mitchell, J. K. (1993). Fundamentalslof
S ol ' 5, Inc.,
Behaviour. 2nd Ed. John Wiley & Sons,

New York.

Muntohar, A. S. (2003). Swelling .and
compressibility characteristics of soil -

bentonite mixtures.
Dimensi Teknik Sipil, Vol. 5, No. 2. 93 -98.

Nelson, J. D. and Miller, D. J. (1 992). Expansive
Soils Problems and Practice in F. oundation and
Pavement Engineering. John Wiley and Sons,
Inc. New York.

Nigerian Building and Road Research Institute
(NBRRI) (1983) Engineering Properties of
Black Cotton $ojj of Nigeria and related

Pavement design. NBRR| Research Paper No. |,
Vol. 22.

Sivapu“aiah,, PV, Sitharam, T, G and Rao, K.
S.S. (1 987). “Modified free swej) index for
Clay”, Geotechnicg] Testing Journa], Americap

Society for Testing anq Material, Vol. 11, No. 2
80-85. ’

Sridharan, A. and Choudhury,
Swelling Pressure of Sodium
Geotechnique, Vol. 52, No.6, 45

D. (2002).
ontmori“onites.
9462
Osmubi, K. J
Desiccation ind
lateritjc soil.
Gcological Eng
ISSN
)96()~~3182(Prim), 1513~

and NWaiwu, C.
tuced shrinkage i\,
Journa) of Geg

ineering, Springe

M. 0. (2008),
COmpacteq

technjcy) and
r, Netherlands’

1529(0nhne),

64

et

Volume 1 No. 1 .2014



