EVALUATION OF A RESIDUAL SOIL DEPOSIT LOCATED IN DURUM VILLAGE, N.W.
BAUCHI TOWN
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Abstract

Residual soils are naturally occurring soils, which are formed entirely by in
situ weathering and have remained at their original location. They occur mainly in tropical
regions. A common example is laterite found to be rich in oxides of iron and aluminum. The
residual soil under study is located at a village about fifteen kilometers north west of Bauchi
town. Residual soils are the main source of fill (borrow) material utilised in Civil Engineering
constructions be it dams, road pavement, airfields and buildings. Before such a soil could be
utilised in such constructions, they must meet certain specifications given by the Federal
Ministry of Works. Such specification include, the California Bearing Ratio (CBR), natural
moisture content, linear '  shrinkage, specific gravity, particle size distribution, permeability
and

Atterberg limits. All these tests were carried out on this residual soil. In

addition to these tests, geochemical analysis was carried out to ascertain its

minerological composition. The results obtained indicate that the soil deposit

meets the required Federal Ministry of Works specification. The villagers of

the area utilise this soil for making burnt bricks for constructing their houses.

Introduction

Residual soils result when rock materials weather without any form of transportation. These
soils are formed in situ. They could also arise when rate of formation exceeds rate of removal of
products of weathering.

Residual soil formation is influenced by many factors which include climate (temperature and
rainfall), time, type of source rock, vegetation, drainage and bacterial activity. The residual soil profile
may be divided into three zones:

€)) The upper zone where there is high degree of weathering and removal of material.

(b) The intermediate zone where there is some weathering at the top.

(c) Partially weathered zone where there is the transition zone (Lambe and Whitman, 1979; Mclean
& Gribble, 1979). Residual soils are abundant in the tropical climatic regions of the world,
with majority in Asia, Africa and South America.

In the Residual Soil under study, the source rock is the migmatites and granite gneisses of the
Basement complex, Fig. 1 (Falconer, 191 I;Bains, 1926). Temperatures are high ranging between 29°C
and 40°C, rainfall is not very high, it is about 109cm (42in) (Bauchi Met Station, 2002) per annum and
concentrated between May and October.

This study was necessitated because a road is to be carried out in the area and the local
Government Works Department wanted to know the suitability of the residual soil in their environment

Method of Study

Two sets of ten each undisturbed sample were collected from this residual soil deposit which
stretched for over 2 kilometers along the Bauchi — Kano road. (Durum Village). All the samples were
collected in accordance with British Standard (BS) 1377 (1975).

Natural moisture content, particle size distribution, Atterberg limits, linear shrinkage, specific
gravity, compaction and California Bearing Ratio (CBR) and permeability were determined.
Geochemical analysis was carried on these samples to ascertain their chemical composition.
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Details of Test

Some quantity of the sample was (cleaned by removing the pebbles, organic materials,
disaggregated and sieved through -40, -80, -120 and -200 nylon mesh sieves in stainless steel frames.
Organic contents were eliminated as loss on ignition (LOI) after heating to 550°C for four hours.

The digestion of these samples was carried out with 4.m.HNo; and Aqua Regia (HNO; + Hcl).
Both digestion reagents were used on each sample to ascertain which gave better results. The pH values
of the sediment were measured in 1:10 sediments - distilled water slurry with an Orion 407 meter
(Ukpong and Olade, 1979). Each sample was analyzed five times and the average value taken Table 1.

Particle size distribution was carried out with oven dried samples, (dried for 24 hours at a
temperature of 110°C). The sample was desegregated and sieved with BS Sieves. Fig. 2, shows particle
size distribution.

The liquid, plastic and shrinkage limits were determined with 200gm of soil sample passing
through 425pm. B.S. Sieve, as indicated in B.S. 1377 (1975).

Specific gravity was determined with IOOgm of oven dried sample of the soil samples and the
test was carried out on each sample and mean value taken. This was carried out in accordance with
Akroyd (1957).

Each Particle Size analysis test was carried out with 50gm of oven-dried sample of each
sample, which was in turn soaked in distilled water over night. Washing of the samples through the 75pm
B.S. sieve followed. Fractions retained were oven-dried, weighed and later sieved whereas the fractions
retained were oven dried weighed and later sieved while the fraction that passed were dispersed with a
solution of sodium hexametaphosphate and sodium carbonate and later analyzed by the hydrometer
method, according to B.S. 1377 (1975).

The coefficient of permeability K was calculated from the compression characteristics
(coefficient of consolidation, Cv and Coefficient of volume compresibility Mv).(Berry and Reid 1987).

Table I:Geocliemcial Analysis of Residual Soil

Si0,. , 60%
TIO, ' 1.5%
Al,O3 , 22%
Fe203 ) 9%
MnO , 0.01%
CaO , 0.02%
MgO , 0.61%
N,0 , 0.16%
K0 ' 0.70%
H,0" - 2.5%
Lol
H,Q- ' 2.5%

The standard Proctor test was utilized in the determination of compaction, whereas CBR tests
were carried out on samples at their maximum dry densities in accordance with the procedures in BS
1377 (1975). CBR values were taken from top and below of each sample and average values were
recorded as the CBR values. The CBR test was carried out on materials passing 20mm. BS test sieve
after soaking in water for 24 hours.

Results
Geochemcial Analysis

The results indicate the dominance of silica 60%, Alumina is high, and iron is very high. The
water content is high LOI, Table 1. This indicates the dominance of hydrated alumino silicates. This is
not surprising because the parent rocks were migmatites and biotite granite geneisses (Fig. 1).
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The dominant rock forming minerals in these rocks are quartz, feldspars (orthoclase and plagioclase), and

other ferromagnessium minerals (Biotite).
Table 2: Comparison of Some Engineering Properties of the Soil with

the Federal Government of Nigeria Standard Specification for Pavement Designs. (Fill

Materials).

Parameters Ministry of Works/Results from soil test
Standard

CBR (soaked) Not less than 10 17.25%
PL 30% MAX 30%
LL 50% Max 40%
Pl 30% Max 10%
Linear shrinkage Not greater than 8 5.1%
oMC 7.5%
D. Density 2300 kg/m®
Cohesive value 25.4
Permeability 3 x 10" cm/sec
Natural Moisture Content 8.03%
Specific Gravity, 2.52

The high incidence of iron may have come from the silicate minerals (Olivine/Fayalite), and may have
acted as a binder to reduce, liquid limit and the shrinkage limit and increase the binding capacity.

Atterberg Limits

The results are shown in Table 2. The result indicate that the soil has low plasticity (WL < 35)
(Berry and Reid, 1987).

This low plasticity must be due to the high iron content and the leaching out of the clay sized
particles during the short heavy rains.

Specific Gravity
The result indicates that the soil has a specific gravity of 2.52. Specific gravity depends on the
mineralogical composition of the constituent soil particles.

Particle Size Distribution

The particle size distribution shows no silt fraction, less than 10% fall into fine sand, about
20% fall into medium sand and about 38% fall into coarse sand and fine gravel (Fig 2)

The graph shows that the soil is fairly well graded. This makes the soil acceptable as a fill
material.
Permeability

Permeability value obtained from the test is 3 x 10" cm/s™ (Table 2). This falls between silt
and fine sand (Wilson, 1990). The soil could be adjudged to be permeable. This also is confirmed when
viewed with the particle size distribution which could be said to be even (well sorted).

Compaction Characteristic

The result is shown in Table 2 and Fig.3. It has high dry density DD 2300Kg/m® and low
optimum water content, OMC. (7.5%). This suggested that with more water the soil could be easily
compacted as the particles will not resist closer packing. This also suggests that the soil has small
quantity of clay particles.

California Bearing Ratio
The CBR is high and consistent with the dry density recorded for the soil. These are shown in
Fig. 4 and Table 2.
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Discussion

The soil deposit under study originated from the weathering of the igneous-metamorphic rocks
(migmatites and gneisses). The weathering is in situ. The chemical composition is mainly silica, alumina
and iron which makes it a laterite deposit (Blyth, 1963; Berry and Reid, 1987). Atterberg limits show that
the soil has low plasticity (WL < 30), hence it contains small amounts of clay fraction and it has average
permeability (3 x 10-! cm/S-) linear shrinkage is low 5%.

When these engineering properties are compared to the Federal Ministry of Works standard
specification for flexible pavements design, Table 2. It will be observed that the soil is just standard for
use as fill material.
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Generally soils are problematic in engineering structures. This is because soils change their
characteristics with change in moisture content. The job of the engineer is to ascertain the conditions
under which a particular soil could be useful with respect to its moisture content. This is because a
particular soil could be useful under a particular moisture content and not so useful if the moisture
changes (O’Flagerty, 1974).

Conclusion and Recommendations

The residual soil that is located in Durum Village resulted from the weathering, chemical
decomposition, and leaching of the igneous-metamorphic rocks (migmatites and gneisses) that underlie
the area. The resultant soils have not been transported but there has been a lot of weathering and
leaching, which resulted in the removal of the finer clay fractions of the soil and increase in the iron
content. This resulted in the preponderance of silica, alumina and iron. The iron content is high hence
the brown colour. The soil is well graded. It has low linear shrinkage, moderate permeability, low
plasticity and high dry density.

These factors conform to the specifications of the Federal Ministry of Works of Nigeria. This
residual soil deposit is recommended for use in any construction, be it core of earth dams,
embankments or any other construction that requires filling.



It may be useful in making burnt bricks, the villagers of Durum use it for making their bricks, they
usually increase the cohesiveness by adding straw.
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