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ABSTRACT

Construction of roads on fine-grained soils without any form of stabilisation is a major problem all over the world. In this
study, a fat clay having poor subgrade rating (A-7-6) was mixed with blends of sand, drill cuttings ash (DCA), lateralite,
and Portland Cement (PC) to improve its plasticity, California Bearing Ratio (CBR), and swell. The sand effected better
Dparticle grading of the clay and addition of PC increased its strength. Blends of DCA-PC and lateralite-PC effected
friability, improved workability, and also increased the strength of the soil. Blends ratio: sand-PC (4:1); DCA-PC (1:1);
and lateralite-PC (2:1) gave the best stabilising effect on the fat clay. The improvements noted were: plasticity index < 30,
soaked CBRvalues > 20% after 24 hours and >10% after 96 hours, low swell (0.002 - 0.008%). Thus, this study revealed
that the fat clay could be optimised for subgrade application using these stabilising additives.
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1. INTRODUCTION

Physical and chemical forms of soil stabilisation had been
investigated in the Niger Delta, Nigeria because of the
water-sensitivity of the soils and its adverse effect on
pavements when used as construction materials. There is
yet to be any respite to road failures in the region due to
non-implementation of the investigation results. High
quantities of additives and binders were recommended
for the stabilisation of these problematic soils, which is
unappealing for field application. Some of the previous
researches are reviewed as follow:

According to [1], 10% cement content caused an increase
in unconfined compressive strength of marine clay
(chicoco) from 55kN/m? to 124kN/m? while further
increase in the cement content (up to 50%) effected
lower strength values. However, values for all the
stabilised marine clay variants were greater than the
unstabilised clay. Similar high cement quantity ranging
from 8 to 12% was reported by [2] to obtain significant
improvement in the CBR (up to 34%) of weathered shale
subgrade soils. The report given by [3] suggested that
cement alone should not be used to stabilise fat clays
especially those with liquid limit greater than 40% and
plasticity index greater than 20. The authors noted that
very high quantity of cement is required to effect any
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significant change in the soil and which is not
economically viable.

Report in[4]revealed that clay soil was blended with
fine-grained sand in ratio 1:1 and then stabilise with
cement. High strength reduction up to 40% was noted,
when the stabilised mixture was soaked in water even
with as much as 10% cement. The author then suggested
that pavement constructed with the composite must be
protected from water. [5] reported effect of cement on
sandstone soils which consist of fine to medium sand
fraction, 5 - 7% silt, and average clay content of 50%.
Significant improvement in the density, shear strength,
and soaked CBR (value up to 100%) were noted, when
about 8% cement was used to stabilise soils.
Furthermore, [6] also observed significantly improved
densification and soaked CBR value of five cement-
stabilised deltaic soils. The soils which were majorly
residues of tertiary sedimentary rock, were substantially
improved when stabilised with sand and blends of sand-
cement. The soils stabilised with blend of 6% cement
and 40% sand could be used as sub-base materials. The
authors suggested that adequate compaction and sand
stabilisation would be enough to stabilise these soils for
subgrade application, while blends of sand and cement
could be used to upgrade them to either sub-base or
base materials. Stabilisation of soils derived from shale,
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which is particularly notorious for high clay content and
lack of coarse aggregate was reported by [7].
Appreciable gradation improvement was noted when
sand was added to augment particle size deficiency.
Increase in strength was also observed when cement
was added to the composite.

Literature in [8] revealed that the grading of the soil to
be stabilised have influence on the strength gained.
Well-graded soils were said to have a linear increase in
Unconfined Compressive Strength (UCS) with increasing
cement/lime content while uniformly graded soils do
not have the linear behaviour when small quantity of
cement or lime is used. The authors further reported the
reactions between cement and soil particles: sand is
assumed not to be involved in the chemical reaction
with cement, and the precipitation of Ca(OH), crystals
on the surface of sand grains do not appear detrimental.
Silt particles act as a substrate for Ca (OH); to grow, thus
removing it from further hydration reaction. This was
said would result in initial reduction in strength of
cement within 3 - 6 months. However, this may increase
later at a longer time and may even be greater than the
strength obtained from soils without silt. Furthermore,
[9] noted that binders act as fillers rather than binders
in poorly graded soils, and that silty soils are more
difficult to stabilise because of their moisture sensitivity.
The interaction between clay and cement was also
assumed not to be detrimental, but clay with organic
compounds may retard cement reaction, while highly
cohesive clay may form clods or agglomerate rather than
flocculate and may be difficult to mix. Linear increase in
UCS was also reported for well-graded soils.

These reports from Niger Delta revealed that high
quantities of cement and blends of cement and sand (>
10% for cement and ~ 50% for sand) were used to
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stabilise the clayey soils. This would make application of
the stabilised soils in pavement construction unrealistic.
Therefore, this study investigated how to optimally use
sand, DCA, lateralite, and cement in stabilising a fat clay
soil for subgrade application. The sand was used to re-
grade the soil, DCA and lateralite were used to improve
consistency and enhance bearing capacity, while cement
was the binder. The binder and additives are available in
the region.

2. THE STUDY AREA

The Niger Delta is situated in the southern part of
Nigeria, bordered by the Atlantic Ocean to the south and
Cameroon to the east. It covers an approximate 112,110
km surface area representing about 12% of Nigeria’s
total surface area [10]. There are nine of the Nigeria’s
constituent states in the region namely: Abia, Akwa
Ibom, Bayelsa, Cross River, Delta, Edo, Imo, Ondo, and
Rivers. The region has a tropical climate with two
distinct wet and dry seasons. The mean annual rainfall
usually exceeds 3500mm along the coast and gradually
decreases inland to about 2000mm, and annual mean
temperature is between 18°C and 35°C.This high rainfall
usually results in widespread flooding, which may rise
more than 5m in some area and hence the high in-situ
moisture content of foundation soils. The terrain in the
region is flat at the coastal and deltaic plains which are
to the south, but the northern part has a gently rolling
and undulating landscape. The author specifically
described the geologic units of the study area as back
swamps, freshwater swamps, and meander belts. The
major superficial soil type was described as light grey
fine sand to silty clay [11]. The geological map of the
study area is shown in Figure 1.

140N
1eam "

NIGERIA

‘ . »

600N

g

600" 630"

.....

Akarino
Ekeremor

Paratubos
eme Lobia «
N\ Ukubio

\
LEGEND

Em River Alluvium.

=1 Sands Clays,Mangrove_swamps.

Sands & Pebbies.

samPouUl Arua, Joinkrama
= Odobor = Oyobu *°
Ekeremo Amatolo « Sagbama
« Owegbene

Okumbiri

* Kasama

« Permobri

§angakubu
ama 4°30"
Nembe -
ljawkin =
Obogoro * Elepa Botokiri

Ikpgde « Ekowe
Sagbama  |bia, Agberi

* Otwa

Ogbiae

5°30°

Figure 1: Digitised Geological map of Bayelsa state
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3. MATERIALS AND METHODS

3.1 Materials

The following materials were used in the study:

3.1.1 Fat clay and Sand

Both fat clay and sand samples were obtained from
Sampou in Ekeremor Local Government Area of Bayelsa
State. The fat clay was collected from the subgrade level
of Odoni - Agbere road, while the sand was collected
from a nearby borrow-pit. The site was swampy with
water table almost at the ground surface. There was no
form of stabilisation of the subgrade soils on this site,
instead the problematic soil was excavated and massive
filling to formation level was done using sands dredged
from nearby rivers or borrow-pit which exist abundantly
in the Niger Delta region.

3.1.2 Cement

Portland Limestone Cement (grade 42.5R) was obtained
from Dangote Cement Plc. The physico-chemical
properties are listed in Table 1.

3.1.3 Drill cuttings ash (DCA)
DCA was obtained from DEL Waste Management
Company Limited in Onne Oil and Gas Free Zone, Rivers
State. DCA is an industrial waste product that is yet to be
fully exploited in terms of research and application
especially in the Niger Delta. The region is naturally
endowed with crude oil and its exploration is a very huge
business for many international and local companies.
DCA is the ash from thermal desorption of waste product
of crude oil drilling operations. The waste is a mixture of
drilling mud (type depends on the drilling company
preference), base fluid (water, oil, or synthetic-oil), crude
oil, crushed rocks and soils. The waste is treated by
application of indirect heat at a very high temperature (>
300°C) and the constituents are separated through
grade-separation process. Some of the useful
components are reclaimed and re-used in the drilling
process. The solid residue flow out as the ash, and is
either disposed-off in a designated landfill or stock-piled.
This ash is generated in very large quantity and there is
no useful adaptation for construction purposes. DCA is
fine grained, silty textured, and could either be dark
brown or grey in colour.

properties are listed in Table 1.

The physico-chemical

3.1.4 Lateralite

Lateralite is an innovative stabilising flux developed in
Nigeria by[12]. The material is made up of different
natural minerals, which were selected in definite
proportions, heated to about 400°C and pulverised to
very fine powder (~35um). This procedure enables the
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material to induce a pozzolanic reaction with the
sesquioxides in fine-grained soils when mixed with
water. The author reported that the bonding produced
after air-drying was strong enough to make the stabilised
soil impermeable when soaked in water. The physico-
chemical properties are listed in Table 1. A view of the
cement, additives, and the soil sample is presented in
Figure 2.
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Figure 2: Soil sample, additives and binder used

3.2 Methods:

3.2.1 Classification Characteristics

The setting time of cement, DCA, and lateralite were
analysed using vicat apparatus in accordance with [13].
Hydrogen ion concentration or the pH value was
measured using pH meter. This involved the use of glass
electrodes immersed in the additive suspension and
attached to the measuring
Electromagnetic Force (EMF) which is known to be
related to pH. The meter was calibrated using the pH 4, 7,
and 10 buffer solutions. The oxides were determined

were meter for

using the energy dispersive X-ray fluorescence. The
spectrometer was first calibrated and the correlation
coefficient for the standard curve was 0.990. Then about
5g of the milled sample (about 5pum grain size) was used
for the analysis.
The specific

gravity and limits test

procedures as contained in [14] were also carried out.

consistency

Air-dried sample was used instead of the prescribed
oven-dried sample. This is because temperature at 105°C
can effect much variation in tropical soils’ properties
[15]. Testing procedures contained in [16] were used for
the stabilised soil. Liquid limit of the unstabilised and
stabilised soil was determined by using the Casagrande
apparatus. Fraction passing sieve 425um was thoroughly
mixed with distilled water for about 10 minutes at
moisture content higher than the liquid limit and allowed
to cure for at least 12 hours at room temperature before
proceeding with the tests.

Particle size distribution is the grouping of soil’s particles
into separate sizes, and determination of each size
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portion by dry mass. 35g of sodium hexametaphosphate
and 7g sodium carbonate dissolved in 1 litre distilled
water was used to deflocculate the fat clay grains. The
particles passing through sieve 63um was carefully
washed out and the soil retained on the sieve was oven
dried. A set of sieve (2.36mm, 2.00mm, 1.18mm, 600um,
425pm, 300pm, 150pm, and 63um) arranged in
descending order was used to segregate the granular
particles into sizes. The difference between original soil
quantity and oven-dried washed quantity was taken as
the silt and clay contents of the soils. The oven-dried
washed clay was mixed with 10% sand and sieved to
determine its effect on the soil gradation. The clean sand
was also sieved without washing.

3.2.2 Compaction and Strength Tests

West African compactive effort [17]was used in this
study. The CBR mould of a volume of 2305 cm3 and 4.5
kg rammer with a drop height of 450 mm, applied on five
layers of soil, at 27 blows per layer was used as the
compactive effort. The optimum moisture content
obtained from compaction test was used to prepare the
soil for the CBR test as set out in [18]. The CBR mould
(2305 cm3) and 4.5 kg rammer were used, 5 layers of the
soil were compacted with 62 blows applied on each
layer. The test was carried out about 15 minutes after the
compaction. The CBR test was performed on the
unsoaked and the 24 hours soaked samples. The
percentage of swell and the difference in weight of the
soaked samples were calculated after the soaking period.

3.2.3 Cement Quantity Selection Procedure for Blends
Cement quantity selection procedure set out in [19] was
applied. Fixed quantities of DCA (5%), sand (10% and
20%) and lateralite (5%) by weight of the soil were used.
Soil-DCA and soil-sand composites were blended with
5%, 10% and 15% cement by weight of the soil, and soil-
lateralite composite was blended with 3%, 5% and 7%
cement also by weight of the soil. A 24 hours soaked CBR
value of about 20% was carried out in the laboratory
test. This was obtained by plotting a linear graph of 24
hours soaked CBR of the stabilised composites against
cement quantities. Equations generated were used to
calculate the cement contents that would give 20%
soaked CBR value. This procedure gave probable blends
that could be adopted as the subgrade, and these were
further tested by soaking for 96 hours and their CBR
values obtained. A minimum soaking period of 4 days
(96 hours) is specified in [18]. This typified flooding or
elevation of water table the stabilised soil might be
subjected to in the field. A reduction of not more than
50% after 96 hours soaking was targeted. The results of
tests performed are presented in Tables 2, 3, and 4.
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4. RESULTS AND DISCUSSION

4.1 Classification Characteristics

The Physico-chemical properties of the stabilising agents
are presented in Table 1. The specific gravity of cement
was 3.02, lateralite was 2.44 while DCA had the least
value of 1.54. The initial setting time of cement occurred
at 105 mins and final setting time took place within 4
hours of the start of test. Both lateralite and DCA had
initial setting time beyond the specified lower limit of 75
mins for pozzolanic cement [20].

The ratio by mass of CaO to SiO;was 1.3 in both lateralite
and DCA, and also had low calcium oxide when compared
with cement. Specification in [20] for ratio CaO/SiO; was
> 2, and calcium oxide ranging from 61 - 67% for
cementitious binders. Therefore, both lateralite and DCA
lacked the attributes to be labelled as cementitious
materials. Materials having CaO/SiO; greater than 1 are
specified as ‘off specification’ pozzolanas [21]. Although
both DCA and lateralite could not initiate a cementing
reaction, their pH values which was comparable with
cement indicated that they can take part in pozzolanic
reactions.

Table 1: Physico-chemical Properties of Cement, DCA,

and Lateralite
%

Properties (EETEET DCA  Lateralite
Specific gravity 3.02 1.54 244
Initial setting time (min) 105 >300 >300
Final setting time (min) 240 >375 >375
pH @ 23.5¢°C 12-13 12.00 12.2
Si02(%) 19.96 19.30 23.2
Fe203(%) 2.99 7.24  6.70
Al;03(%) 6.05 552  6.67
Ca0 64.86 25.60 30.80
MgO 1.26 0.72  3.67
SO3 1.99 - -
K20 1.09 - -
Na;0 - - -
P,03 0.24 - -
LOI 7.84 - -
Not detected - 41.62 16.76

*Oxides content obtained from [22]

The particle size distribution (PSD) curve in Figure 3
shows that the fat clay was predominantly a fine-grained
soil, consisting substantial amount of silt and clay (P063
was 85.48%), and was devoid of any gravel and coarse
sand. Based on its consistency limits (Table 2), the soil
can be classified as A-7-6 using AASHTO classification
and CH using USCS classification system. Thus, the soil
was a fat clay of poor subgrade rating. The white sand
which was used for re-grading had less than 1% particles
that passed through sieve 63 pum, and more than 97%
particles passed through sieve 2.36 um. A large portion
of its curve lies between 0.1 and 1.0mm particle sizes on
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the graph and the Coefficient of curvature (Cc) was ~ 1.
Also, Coefficient of uniformity (Cu) was 3, which was less
than 6 for well graded sand as specified in USCS.
Therefore, the sand was uniformly graded containing
substantial amount of intermediate particle sizes.
Blending of 10% sand with fat clay gave a better particle
size distribution by reducing P063 to ~ 42%. The
construction practice in the region was to place the sand
as fill and surcharge material, without blending with the
in-situ subgrade.

The unstabilized fat clay and stabilized blends in Table 2
had their liquid limits and plasticity indices within the
specified limits of 50% and 30 respectively [17].
However, the linear shrinkage of the soil was above the
specified limit of 6% [23]. Addition of blends of sand-PC,
DCA-PC and lateralite-PC caused improvement in this
property; the higher the cement content the lower the
linear shrinkage.

LA —-o—- Fatclay+ Sand

o

013 ticle sizes [m.m)l'- (log scale)

Silt & Clay [ Fine | Medium | Coarse | Fine | Medium |

Sand | Gravel

Figure 3: Re-grading of the fat clay with uniformly
graded sand

4.2 Generic Strength Characteristics of Stabilised Blends

Blending of 10% sand with the soil gave better unsoaked
and soaked CBR of 3.41% and 1.38% respectively. These
results agreed with the report by [6] which stated that
addition of controlled sand proportions to marginal
deltaic soils prior to compaction improved strength.
Similar improvement was obtained when 5% DCA and
5% lateralite were used to stabilise the soil. Substantial
increase in 24 hours soaked CBR compared with the
unsoaked CBR was obtained for all the blends containing
cement. This could be attributed to adequate hydration
of cement during soaking that effected increase in
strength. However, swelling was also noted in
composites containing 10% sand (in Table 2), therefore
the sand content was increased to 20% with the same
incremental quantity of cement. All the tests were
repeated and results presented in Table 3. As noted
before, there was increase in unsoaked and 24 hours
soaked CBR of the stabilised blends when compared with
the unstabilised clay. Although the values were not as
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high as those obtained for blends containing 10% sand,
but there was decrease in swell.

Design mixes that could be adopted for subgrade
stabilisation are presented in Table 4. The compaction,
strength, and swell characteristics of these blends were
compared with those of the unstabilised fat clay, and
discussed in subsequent sections.

4.3 Compaction Characteristics

Figure 4a - ¢ show the dry density/moisture content
relationship curves and the zero air void (ZAV) lines for
the unstabilised fat clay and the design-blends for
subgrade application. The unstabilised fat clay had
higher MDD than the stabilised composites (soil-DCA-PC,
soil-sand-PC, and soil-lateralite-PC), although, its ZAV
line which touches the compaction curve revealed that
not all the air voids could be eliminated. The lower MDD
of the design-blends could be attributed to higher
quantity of water required for lubrication of non-
cementing particles and hydration of PC. However, as PC
content is increased, the corresponding increase of MDD
could be attributed to cementation or hardening effect of
PC on soil particles. Also, as PC content was increased,
increase in MDD and decrease in OMC were obtained for
all the blends. The ZAV lines were tangential to the
compaction curves of the stabilised blends, and this
indicated that full saturation was obtained for the soil-
blends.

4.4 Strength Characteristics

The relatively high MDD of the unstabilised fat clay was
not reflected on the unsoaked and soaked CBR of 0.56%
and 0.38% respectively. This revealed that although high
densification was obtained with the West African
compaction, this did not result in corresponding
improvement of its bearing capacity. However,
substantial improvement in the CBR of the fat clay soil
was obtained with the design-blends (Figure 5). The
targeted 24 hours soaked CBR of 20% was obtained with
the following blends (with ratios in bracket): 5%
DCA+4.5% PC - (1:1); 20% sand+5% PC - (4:1); and 5%
lateralite+3% PC - (2:1). The 24 hours soaked CBR value
of these blends showed that DCA-PC was 83% more than
its unsoaked value, soaked sand-PC value was 48% more
while soaked lateralite-PC was 152% more than its
unsoaked CBR. Furthermore, these blends exhibited
commendable stability after complete soaking in water
for 96 hours. The reduction in their soaked CBR values
between 24 and 96 hours was not more than 50%.

4.5 Swell Characteristics

Swell test was an indicator of the expansion potential of a
soil on contact with water. Expansive clay minerals and
sulphates

can react with cementitious matrix of
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stabilised materials in the presence of excess water, and
cause expansion to occur after compaction. Therefore,
[24] recommended an average swell limit value of 5mm
dial gauge reading (which is ~ 4% for sample compacted
in a CBR mould), which should not be greater than 10mm

F. M. Alayaki et al

during the soaking period. Values ranging from 0.002 -
0.008% were obtained in this study for the design-blends
(shown in Figure 6). This revealed that swell was not
substantial for these composites.

Table 2: First Trial Composites to Determine Cement Quantity Requirement

Compositions Sail Soil + Soil + Soil +
(Fat clay) DCA + Cement Sand + Cement Lateralite + Cement
Soil +  Soil+  Soil+  Soil + | Soil + Soil + Soil+  Soil+ | Soil+ Soil+ Soil+ Soil+
5% 5% 5% 5% 10% 10%  10% 10% 5% 5% 5% 5%
DCA DCA DCA DCA | sand sand sand sand lat lat lat lat
Properties tested only + + + only + + + only + + +
5% 10%  15% 5% 10% 15% 3% 5% 7%
PC PC PC PC PC PC PC PC PC
P063 85.48 - - - - - - - - - - - -
Liquid Limit (%) 50.12 4454 3695 3033 2885 | 3458 3003 3916 4174 | 4552 4241 4423 34.01
Plastic Limit (%) 20.80 21.88 2234 2250 2340 | 2319 2192 3023 3188 | 27.76 26.04 2838 25.55
Plasticity Index 29.32 2266 1461 7.83 545 1139 8.11 8.93 986 | 17.76 16.37 15.85 8.46
Linear Shrinkage (%) 13.22 1357 579 246 214 5.92 9.47 4.21 400 | 1143 483 482 429
MDD (kg/md) 1712 1845 1620 1633 1640 1686 1678 1710 1676 | 1540 1589 1610 1640
OMC (%) 19.18 10.5 15 175 14 16 14.5 12.5 15.35 20 18 18 18
CBR % - Unsoaked 0.56 31.94 516 246  1.23 3.41 817 2468 5662 | 4.91 789 1265 200
CBR % - Soaked (24 hrs) 0.38 576 4760 7365 67.05 138 40.08 12024 11749 | 666 4359 56.61 44.59
Swelling % Eroded 1.87 0.046 0.002 0 Eroded 0.002 0.003 0.039 | 0.012 0.024 0.024 0
P063 = Percentage passing sieve 63um; DCA = Drill cuttings ash; lat = lateralite; PC = Portland limestone cement
Swelling % was taken as the ratio of swell reading from the dial gauge to the height of the CBR mould
Table 3: Second trial mixes of soil-sand-cement blends
Soil + Soil + Soil +
Properties tested 20% Sand + 20% Sand + 20% Sand +
5% PC 10% PC 15% PC
Liquid Limit (%) 36.32 36.80 3748
Plastic Limit (%) 23.89 26.33 27.09
Plasticity Index 1243 10.47 10.39
Linear Shrinkage (%) 7.37 6.83 5.82
MDD (kg/m?) 1685 1640 1664
OMC (%) 14 14 16.85
CBR % - Unsoaked 7.74 10.53 9.52
CBR % — Soaked (24 hrs) 20.92 39.08 54.61
Swelling % 0.002 0.002 0
Table 4: Design blends — probable blends for subgrade application
Properties tested Soil + DCA + Soil + Sand + Soil + Later +
Cement Cement Cement
Soil + Soil + Soil + Soil + Soil + Soil + Soil +
5% 5% 10% 10% 20% 5% 5%
DCA DCA Sand Sand Sand Later Later
+ + + + + + +
3.5% 4.5% 2.2% 3% 5% 2.3% 3%
PC PC PC PC PC PC PC
Liquid Limit (%) 45.85 42.98 43.31 38.82 36.32 47.29 43.73
Plastic Limit (%) 23.50 27.05 25.72 26.98 23.89 28.58 24.06
Plasticity Index 22.35 15.93 17.59 11.84 12.43 18.71 19.67
Linear Shrinkage (%) 11.00 10.05 11.07 10.00 7.37 9.07 3.57
MDD (kg/m3) 1530 1540 1524 1570 1685 1470 1530
OMC (%) 21.5 20 17.5 17 14 25 17.5
CBR % - Unsoaked 5.96 11.15 5.21 6.01 15.53 6.62 10.32
CBR % - Soaked (24 hrs) 16.29 20.42 6.62 12.90 22.92 16.91 26.05
CBR % - Soaked (96 hrs) 8.27 16.16 6.25 11.28 10.02 15.53 16.53
Swelling % 0.004 0.004 0.031 0.030 0.002 0.003 0.008
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Figure 4: Compaction curves of the fat clay and the design-blends - (a): Soil-DCA-PC blend; (b): Soil-Sand-PC blend; (c):
Soil-Lateralite-PC blend
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Figure 5: Effect of blends on the unsoaked and soaked CBR of the fat clay
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Figure 6: Effect of blends on the swell of the fat clay

5. CONCLUSION

From the results obtained from the analysis of the
unstabilised fat clay and the stabilised blends, the
following conclusions are made:

1) The unstabilised fat clay was fine-grained, with high
and had low CBR value,
is an unsuitable subgrade

swelling potential,
therefore the soil
material.

Sand, DCA, and lateralite effected improvements in
the gradation and plasticity of the soil, and cement
enhanced its bearing capacity.

Blends ratio: sand-PC (4:1); DCA-PC (1:1); and
lateralite-PC (2:1) adequately stabilised the fat clay,
which was noted in the CBR and swell values.

2)

3)

Nigerian Journal of Technology

4) Therefore, the stabilisedfat clay composites can be

adopted as subgrade materials.
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