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ABSTRACT: This paper presents an experimental study carried out in order to know the
responses of the periwinkle reinforced lateritic soil under repeated loading. With a view of the
application in pavement design, and the effect of periwinkle and laterite stabilized with cement
subjected to repeated loading, well graded sea shells was used to reinforce both the laterite at
concentration of 0.4% and stabilized with 6% of cement. Results shows that lateritic soil reinforced
with well graded periwinkle together stabilized with 6% of cement under repeated axial load
test deform less than 0.5% after 3,800 load cycles and could be used on pavement construction.
Lateritic soils under the worst case scenario conditions of soaking, the sample of plain soil and
those stabilized with cement did not have enough strength and collapse before loading. However,
periwinkle reinforced cement stabilized laterite soil, particularly were strong enough after soaking
to be used in the upper parts of a pavement.
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I. INTRODUCTION

Well graded periwinkle and other sea shells of various
types have been used for reinforcing lateritic soils for
thousands of years and in some parts of the world lat-
eritic soil are still used in the construction of bricks for
low rise building Omubo Pepple et-al (2010). Ayangade
et al (2002) reported that approximately 30% of world’s
present population still live in lateritic structures.
They observed that the restriction of lateritic building
to rural areas is due to lack of accepted standard
design parameters for effective structural application
of laterized building. A number of researchers have
considered the effect of using fibre in clayey soils.
Opara (1999) observed that the use of laterite stabilized
with cement, combined with appropriate processing to
achieve application properties will impact significantly
in the reduction of building construction cost, while

still mobilizing the country deposits for economic pur-
poses towards national development. Wibisono (2000)
investigated erosion of fibre reinforced soil. Others have
looked into the improvement in tensile strength of fibre
reinforced soil, (Ghataora et al, 2003).

Most of the researcher have considered the improvement
of soil properties under monitonic loading and in many
cases only fibre is add. Wibisono Dall’ Acqua (2000),
Ghataora, et al (2003a) looked into the properties of fi-
bre reinforced soils with binder, and observed that it is
significant for the improvement of the properties of fi-
bre reinforced soils. According to Osunade laterite is a
mixture of clayey iron and aluminum oxides and hydrox-
ide formed as a result of the weathering of basalt under
humid, tropical conditions. It is readily in all parts of
Nigeria. Salau (2001) has shown that long-term deforma-
tion of laterised concrete short columns that there were
not many variations between the creep deformations of
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laterised concrete and normal short columns and recom-
mended 25% laterite content of the aggregate for long
term resistance and usage in load bearing short column
members. Efforts have shown that bricks made from
lateritic soil can be improved upon by the addition of
periwinkle shells as reinforcement to produced strength
higher enough to meet building standard (Ogbonda and
Nwale, 2012). This study examines the behavior of peri-
winkle reinforces stabilized lateritic soil under repeated
loading.

II. MATERIALS AND METHODS

1. All the materials used in this specimen were local
products that were sort locally. The material that
was used to produce the mix specimen were laterite
soil, cement, water and well graded periwinkle/sea
shells.

2. The cement used in this work was this ordinary
Portland cement manufactured by Eagle Cement
Nigeria Limited, Port Harcourt. The percentage
of cement used is 6%, the chemical composition of
cement is shown in table one.

3. The type of soil used in this research is laterite soil,
which was supplied by the Port Harcourt City Local
Government of Rivers State from there dump site,
the laterite is dark dry red earth. It is character-
ized by the phenomenon of swelling on absorption
of water and shrinkage on drying. The moisture
content for the laterite soil was found to be 16.6%.
The physical and chemical composition of the lat-
erite soil are shown in tables 2 and 3.

4. Periwinkle is found in vast quantities in the Niger
Delta region of Nigeria. It is used for cooking food,
while the bye product is used for this study.

Table 1. Chemical Composition of Cement

S1O2 20.1

Al2O3 5.2

Fe203 3.9

Ca0 64.1

Mg0 2.2

Na20 + K20 1.4

SO3 1.2

Light on ignition 0.5

Source: F.E. Opara (1999)

Table 2: Characteristics of laterite soil

Specific gravity 2.66

Liquid limit (%) 63

Plastic limit (%) 32

Plasticity index (%) 31

Bulk density 1.8

Activity coefficient 80

P.H 9.20

Clay (%) 16

Silt (%) 37

Fine sand (%) 41

Coarse sand (%) 6

Optimum moisture content (%) 21

Maximum dry density (kgm−2) 3.20

Source: Opara F.E. (1999)

Table 3: Chemical Composition of Lateritic Soil

S1O2 68.35%

Al2O3 6.30%

Fe203 18.40%

Ca0 0.15%

Mg0 0.25%

Na20 0.85%

T1O2 0.15%

K2 0.60%

Light on ignition 4.95

Source: F.E. Opara (1999)

A. Mixes Investigated

Four mix compositions were examined during the inves-
tigation as shown in (table 4). The specimen for cyclic
load test were prepared by using static compaction tech-
niques, fixed mass of soil was compacted to obtain a pre-
determined volume using a hydraulic ram. The mix were
cement + laterate, cement + periwinkle, laterite + peri-
winkle, cement + periwinkle + laterite were prepared,
sealed with cling film and stored in a high humidity en-
vironment at 20�for 2 days. Subsequently, a set of this
mixes/samples were immersed in water for 5 days for
durability test.

Table 4: Mix Composition

1 Laterite

2 Laterite + periwinkle

3 Cement + periwinkle + laterite

4 Laterite + cement + periwinkle (soaked)
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III. RESULT AND DISCUSSION

Periwinkle Reinforced Soils under Continous Loading
Resistance to deformation of the specimens subjected to
repeated axial load was assessed using the Asphats test
apparatus. This apparatus is designed to measure the
deformation properties of asphalt under cyclic loading.
Since periwinkle reinforced soils were being considered
for upper pavement layers, the apparatus was considered
to be suitable for examining the behavior and responses
of the materials. As no literature has been found on the
study of plain or stabilized soil using the apparatus, the
results of this investigation are assessed in terms of the
results for asphalt mixture. The apparatus allows us to
subject specimens to load cycle which is two seconds long:
one-second load period is followed by one-second rest pe-
riod. Prior to the actual test, the specimen was sub-
jected to a ten-minute initial conditioning where an axial
stress of 10 kPa is applied. This is carried out to bed the
platens and thus to reduce the bedding-in deformation
errors at the beginning of the test. In accordance with
this, following the initial conditioning period, the speci-
men height varies, depending on the specimens with dif-
ferent amount of periwinkle and stabilizer(cement). With
the initial conditioning load likely to cause initial defor-
mations, the test is based on actual strains not taking
into consideration the strain induced during the initial
conditioning period. All the specimens were prepared
at optimum moisture content and maximum dry density.
Test conditions implemented were as follows:

1. Axial test stress, 100kPa

2. Conditioning stress, 10kPa

3. Conditioning period 10 minutes

4. Test duration, 10,000 load cycles

5. Load cycle, one-second stress duration, one-second
rest duration

6. Conditions are fixed by equipment manufacturer

A. Strength of Laterite

Compressive Strength of Laterite Subjected to Mono-
tonic Loading Typical stress-strain curves representing
the Unconfined Compressive Strength (UCS) for both
plain and reinforced laterite compacted at Optimum
Moisture Content (OMC) and maximum dry density are
shown in figure 3. The results show that there was ap-
proximately two-fold increment in strength and strain to
failure when periwinkle was added. In addition to this,
whilst the unreinforced laterite displayed a brittle be-
havior, reinforce specimen exhibited plastic deformation
retaining about 80% of its strength at 8% strain. Ac-
cording to Ogbonda et al (2010), there was a significant
increase in tensile strength of laterite when periwinkle

was added and that up to 50% of its tensile strength
was retained upon soaking. An important result was
that there was no significant reduction in the strength
of the specimen containing both periwinkle and cement
during the soaking tests which indicated the bonds devel-
oped between periwinkle, cement and soil were substan-
tially water resistant. Load-deformation curves of lat-
erite, cement-reinforced laterite, cement-stabilized and
periwinkle-reinforced, unsoaked and soaked specimens
are shown in figure 1. The results show that reinforce-
ment and cement gave the highest strength and that
soaking had little effect on the strength of periwinkle-
reinforced stabilized soil. Laterite proved to be very
durable.

 

FIG. 1: Compressive stress-deformation curves for plain
and reinforced laterite subjected to unconfined

compression.

 

FIG. 2: Load-deformation curves of laterite, laterite +
cement and laterite with both periwinkle and cement

Behavior of Laterite Subjected to Cyclic Loading In the
study of the strength of soaked specimens, only 0.3%
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periwinkle and 6% cement were used and also tested us-
ing the Asphalt Test. The results of permanent defor-
mation at both 3,600 and 10,000 cycles are shown in
table 5 and a typical relationship between deformation
and load cycles is shown in figure 3. The durability of

 

the laterite specimens was assessed by their curing in
the air and then immersing in water. As can be seen in
table 5, plain laterite, reinforced laterite specimens and
cement-stablized specimens were into suitable for testing
after soaking because the specimens collapsed shortly af-
ter soaking. However, when specimens were stabilized
and reinforced, they retained measurable strength. The
results indicate that the change in deformation of re-
inforced and stabilized laterite is 0.1%, which suggests
its little effect in the long term compared to short term
strength. The ability of the specimen to withstand load is
mainly due to the periwinkle ability to act as a ”bridge”
for transferring loads to the surrounding soil. With the
inclusion of cement, shear strength and water resistance
of the soil are improved.

 

FIG. 3: Deformation-load relationship for
periwinkle-reinforced laterite

It is worth noting that periwinkle hold the soil together
even after failure. Thus soils in a cracked pavement will
still retain significant strength. This will prevent the loss

of soil, particularly by erosion after a dry spell. This may
prove particularly useful in the parts of the world where
seasonal climatic effects can lead to the loss of soil used
for pavement construction.

IV. CONCLUSION

The following conclusions were drawn from this inves-
tigation on reinforced laterite subjected to cyclic load-
ing: Inclusion of periwinkle does have a significant ef-
fect on the relationship between the dry density and
moisture content of a soil. However, cement can affect
the dry density. In both the soils investigated, periwin-
kle resulted in a small increase in both strength under
monotonic loading and strain to failure. Reinforced and
cement-stabilized specimens showed an improved resis-
tance of soaking. Results showed that cement-stabilized
and periwinkle-reinforced soils may be used in pavement
layers. These findings relate to the soils examined (lat-
erite) and may apply to other soils. Reinforced cement
stabilized laterite soil have better compressive strength.
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