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Abstract — Failures of engineering structures such as buildings and roads erected on expansive soils that occur
extensively in the study area have been observed. Expansive soils are a clayey soil that swells or increases in
volume when in contact with water but also shrinks or decreases in volume when the water is removed. This study
was undertaken to evaluate the geotechnical properties of expansive soils in the study area Awka and environs, in
relation to the failure of engineering structures (roads and buildings) in the areas. A total of eight (8) expansive soil
samples were collected in different locations of the study area to represent soils derived from the different
geologic Formations (Ameki Formation and Imo Shale); and their geotechnical properties determined in the
laboratory. The geotechnical properties used in the study includes; grain size, Atterberg limit test, linear shrinkage,
natural moisture content, free swell, specific gravity, dry and bulk density, compaction test and California Bearing
Ratio test (soaked and unsoaked). The results of the tests indicate that the parent rock/geologic Formations from
which the soils were derived influence the geotechnical properties of the soils. Soils derived from Imo Shale
generally have higher values of liquid limit (LL), plasticity index(PI) and activity 68.40 to 77.40%, 37.45 to 46.45%
and 1.31 to 1.55 respectively (at Ugwuoba, Akpugoeze, Ufuma, Umunze and Amansea) than similar values from
Ameki Formation 63.10 to 66.80%, 33.55 to 34.05% and 0.98 to 1.16 (at Nibo, Nise and Enugwu —Agidi). On the
basis of swelling potential classification, the expansive soils derived from Ameki Formation are classified as high
while soils derived from Imo Shale are classified as very high but on the basis of degree of expansion
classification, soils derived from both Ameki Formation and Imo Shale are classified as high using free swell
values 53.00 to 71.00%, and critical using linear shrinkage (LS) 10.70 to 20.00%. On the Casagrande plasticity
chart, all the studied soils plots as CH soils (fat clays). All the studied soils also have low CBR values (soaked
CBR 1.00 to 3.00% and Unsoaked CBR 10.00 to 18.00%) and low compaction values using maximum dry density
(1.49 to 1.75Mg/m?) , thus making them poor subgrade soils for high way construction and poor foundation soils
(due to unacceptable Atterberg limit/activity) for building construction.

Keywords: Expansive soils, Swelling potential, Atterberg limit, Degree of expansion, Failure, Strength
characteristics.

1.0 Introduction

The use of soils for engineering purposes cannot be over-emphasized because soils are very essential raw materials
for geotechnical engineers because almost all civil engineering works involves soil. The geotechnical engineers,
architectural engineers and even geologist face a lot of challenges when structures are founded on problem soil
formations (expansive soil). Expansive soils are soil which has the tendency to increase in volume when wet and
reduce in volume when the moisture dries off (Al-Rawas et al., 2002). These soils are characterized by clayey
minerals such as montmorillonite (smectite) that shrink and swell as it dry or become wet. Other clay minerals
include kaolinite, illite, mica, vermiculates and chlorite may pose little or no significant problems to engineering
structures. They are formed as a result of weathering of fine grained extrusive igneous rocks and montmorillonite
rich mud rocks, such as shales and mudstones (Gromko, 1974; Harry, 1974; US Army, 1983) and their occurrence
according to Okeke (2008) and Okeke and Okogbue (2010) can be traced as the weathering of pyroclatic rocks in
Abakiliki area and the shaly geologic formations that are widely spread in Asu river group, Ezeaku, Awgu,
Nkporo, Mamu, Nsukka formations and Imo Shale in the area. They therefore noted that the montmorillonite
clay mineral content of expansive soil of humid tropical climate is influenced by the type and characteristics of the
parent rocks.
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Expansive soils are worldwide problem, causing severe damages to engineering structures like underground
utilities, highways, hydraulic conduits, buildings, slopes and embankments. Kerrane (2013), states that United
States Housing and Urban Development (HUD) in 1981, estimated nine billion US dollars ($9billion) damages
resulting from expansive soil. Also, Jones & Holtz (1973) attributed that effects of expansive soil on engineering
structures in the United States exceed the combined average annual damages from flood, hurricane, earthquake
and tornadoes while Steinberg (1992), reported the annual cost of damages from expansive soils in United States
to be over $10billion. According to Zumrawi & Hamza (2014), these problematic soils upon swelling and
shrinking causes severe impairment to the engineering structure founded on them while Braja (1996), states that
the major problems associated with expansive clay soils, especially the montmorillonite-rich soils are the volume
change and this often result to severe damages of the engineering structures. Expansive soils tend to absorbs large
volume of water due to the presence of montmorillonite clay mineral it poses (Ola, 1981). Craig (1992), states that
if poor soil cannot be removed, then its engineering properties can be enhanced by suitable method of ground
treatment while Bell (1993 and 2007), suggest that the treatment of such soil can be done by preventing the
ingress of groundwater flow or removing the soil from the site in question or by improving the soil strength
through chemical or mechanical medium.

The occurrence of expansive soils have lead to cracking, failures and eventually collapse of engineering structures
such as roads, buildings and drainage facilities in the study area (Figure 1 to 4). The durability of these engineering
structures are threatened or reduced due to cracks caused by expansive soils on the walls of buildings and roads.
These problematic soils are difficult to be used for most engineering constructions due to their swelling and
shrinkage nature and they also experience settlement with a reduction of strength (Owolabi & Aderrinola, 2014).
Whitlow (1995), characterized soil samples with liquid limit less than 35% as low plasticity soil, between 50 to
70% as high plasticity soil, between 70 to 90% as very high plasticity soil, while greater that 90% as an extremely
high plasticity soil. Expansive soils can be characterized in terms of its swelling potential using geotechnical
parameters like plasticity index (PI), liquid limit (LL) and activity of clay values and degree of expansion using
geotechnical parameters like linear shrinkage and free swell values. The effects of expansive soils on the
engineering properties in the study area are shown below (Figure 1 to 4).

Figure 2: Patched cracks on the wall due to
Figure 1: Abandoned building due to expansive soil at Ugwuoba
cracks at Ugwuoba

Figure 3: Failed Portion of the road at Enugwu- Figure 4: Failed portion of the road at Ufuma
Agidi
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2.0. Study Area Description

2.1. Location of the Study Area

The study area, Awka and environ is predominantly a low lying region on the western plain of the Mamu River
with all parts at 333meters above sea-level. It lies between latitude 5° 56N to 6° 16'N and longitude 6° 59'E to 7°
17'E and elevation of 53 to 170m above sea level (Figure 5). The major topographic feature in the region is the
cuestas and the study area includes Nise, Nibo, Enugwu Agidi, Akpugoeze, Amansea, Ufuma, Ugwuoba and
Umunze. It is accessible through; Awka-Onitsha road, Awka-Enugu express road, Ekwulobia-Umunze road. The
study area is part of the rainforest vegetation with two seasonal climatic conditions (Rainy and Harmattan
seasons). The hot season (Harmattan) is between February to May, while the wet season (rainy) is between June
and September. It is also characterized by the annual double maxima of rainfall with a slight drop in either July or
August known as dry spell or August break. The annual total rainfall in the area is about 1,450mm concentrated
mainly in eight months of the year with few months of relative drought (Nigeria Metrological Agency, 2007).

The mean temperature of the study area is 27° C with daily minimum and maximum temperature ranges of about
22°C and 34°C respectively. It has a relative humidity of 80% at dawn (Source: Hydrometeorological department,
Awka). The vegetation in the study area comprises different species of tall forest trees, shrubs, with thick
undergrowth as well as numerous climbers and grasses. The typical trees are deciduous in nature, such trees are
palm trees, raffia palm, iroko trees, oil bear trees and gravelina trees. Oil palm trees and raffia palm are the most
common and they are not deciduous in nature.
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Figure 5: Topographic/location Map of the Study Area (Digitized Google-earth Imagery, 2017)

2.2. Geology of the Study Area

The dominant sedimentary rocks in the study area are the Imo Shale and Ameki Formation. The Imo Shale is of
Paleocene-Lower Eocene in age (Reyment, 1965) and it outcrops on the plane of the Mamu River and the
formation is of shallow marine environment (Nwajide, 1990). It consists of thick clayey shales, fine textured,
occasional clay ironstones sandstone beds in which carbonized plants remains may occur (Nwajide & Reijers,
1996; Kogbe, 1989). Wilson (1925) observes that carbonized plant remains may be locally common and the
Formation becomes sandier towards the top where it may consist of alternating bands of sandstone and shale. It
has Ebenebe sandstone as its member in the study area while Ameki Formation and its lateral equivalent Nanka
Sands (Okeke & Igboanua, 2003; Ezeigwe, 2005; Nwajide, 1979) were laid down in the early-middle Eocene
(Reyment, 1965; Berggren, 1960; Adegoke, 1969). Its rock types are mainly sandstone, calcareous shale with thin
limestone bands (Reyment, 1965; Arua, 1986). Outcrops of the sandstone occur at Abagana and Nsugbe, where
they are being quarried in commercial quantity. Nanka sands outcrop mainly at Nanka, Ekwuluobia and Agulu
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towns in the study area. The regional stratigraphic sequence and Geologic map of the study area is shown below
(Table 1 and Figure 6).
Table 1: General regional Stratigraphy of Southeastern Nigeria (Modified from Reyment, 1965, Offodile, 1975 and
Mode 2004)

Tertiary

Upper cretaceous

Age Formation Lithology
Recent Recent sediments Alluvium/Deltaic Plains
Miocene Recent Benin Formation Unconsolidated sandstone with lenses of clay
(5-23 m.y.)
Oligocene Miocene Ogwashi-Asaba Formation Unconsolidated sandstone, mudstone, clays and
(23-34 m.y.) lignite seams
Eocene Ameki Formation Grey to green argillaceous sandstone, shale and
(34-38 m.y.) limestone unit
Paleocene Imo Shale Blue to dark grey shales and subordinate
(56-66 m.y.) sandstone members (Umunna and Ebenebe)
Maastrichtian Nsukka Formation Alternating sequence of shale, sandstone and
(65-72 m.y.) coal seams

Ajali Formation Friable sandstones with iron stains

Mamu Formation Sandstones, shale, siltstone with coal seams
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Figure 6: Geologic Map of Awka and Environs (modified from Okeke and Igboanua, 2003)
3.0. Materials and Methods

3.1. Materials Used for the Study

The materials used for the purpose of the study are Portland cement, hydrated lime and expansive soils derived
from Awka and environs, Southeastern Nigeria. The equipment used for sample collection in the field includes:
Global Positioning systems (GPS), Geologic maps, Calibrated hand auger, Zip-lock nylon bags, Camera, Masking
tape and ink marker and other items used in the field include shovels, geologic hammer, tapes and cutlass.

3.2. Field Study

The field studies were carried out to identify the presence of suspected expansive soils and their destructive effects
on engineering structures like buildings, roads and drainage facilities in the study area. A total of eight (8) soil
samples were collected from different locations of the expansive soils derived from Ameki Formation and Imo
Shale in the study area. The soil sampling strictly followed standard procedure specified in British Standard
Institution (BSI) 1377 (1990), US Bureau of Reclamation (USBR) (1963), Spangler & Handy (1973). The
expansive soil were collected with the aid of a calibrated hand auger from the exposed outcrop in the study area
and geo-referenced using the GPS and carefully sealed in a clean polythene bag in order to prevent loss of
moisture and carefully labelled using the masking tape and ink maker. Later, the samples were sent to the
laboratory within 24 hours of collection for further analysis. All sampling was done between July, 2017 and
January, 2018.

3.3 Laboratory Test (Geotechnical Tests)

The laboratory tests of the studied soils were performed in accordance with the General Specification of Roads
and Bridges, volume 1I, Revised 1997, British standard institution (BSI) 1377 (1990) and ASTM D-854-10 (2010)
and BS 1377 part 2 (1990) for specific gravity, compaction and particle size distribution, ASTM D1883 and Bailey
(1976) for CBR test, ASTM D4381 (2012) for Atterberg limit, ASTM international D4943 (1992) for linear
shrinkage, IS: 2720 (part 40) (1997) for free swell, The dry density of the expansive soil sample was derived from

the known natural moisture content (in fraction) and bulk density values. It is represented mathematically as
pb
1+Wy

Dry density, pd (%) =
Where,
pb = bulk density

W,.= natural moisture content
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Also, the activity of clay which is the measure of contribution of clay minerals to plasticity were derived using a
known values of plasticity index and clay fraction which is represented mathematically as

P.I
¢ %Clay

Where,

Ac = activity of clay

P.I = plasticity index

% clay = clay fraction

4.0. Results and Discussions

4.1. Results of the analysis

The results of the index property parameters of the analysis revealed generally that the natural moisture content
ranges between 24.40 to 30.60%, specific gravity from 2.62 to 2.71, dry density from 0.82 to 1.03Mg/m? and bulk
density 1.04 to 1.29Mg/m?, liquid limit from 63.10 to 77.40%, plastic limit from 29.30 to 37.65%, plasticity index
from 33.55 to 46.45%, linear shrinkage from 10.70 to 20.00%, clay content from 24.29 to 30.79%, activity from
0.98 to 1.55 and free swell from 53.00 to 71.00% while the strength characteristics analysis like optimum moisture
content ranges from 17.70 to 27.00%, maximum dry density from 1.40 to 1.75Mg/m?3, unsoaked CBR from 10.00
to 18.00% and soaked CBR from 2.00 to 3.00% (Table 2 and 3).

Table 2: Result of the Geotechnical index properties of Expansive Soils from Awka and environs, Southeastern
Nigeria

Para Geologic Formations Feder
meter al
Minis
try of
Work
s
Ameki Formation Imo Shale S:;gd
Nise | Nibo Enug.wu Average | Ugwuoba | Akpugoeze | Ufuma Umunze Amansea | Average (1997
-Agidi ),
AS
M
D792
(2008
)
Liqui | 63.10 | 65.00 66.80 64.97 75.50 76.40 74.40 68.40 77.40 74.42 <
d 35%
limit
%)
Plasti | 29.30 | 30.95 33.25 31.17 3250 29.95 34.30 30.95 37.65 33.07 -
c
limit
%)
Plasti | 33.80 | 34.05 33.55 33.80 43.00 46.45 40.10 37.45 39.75 41.35 <
city 12%
index
%)
Linea | 17.90 | 20.00 10.70 16.20 10.70 17.90 14.80 13.60 15.70 14.54 <8
t
Shrin
kage
%)
Natur | 26.80 | 30.60 25.60 27.67 28.00 28.80 25.00 23.40 24.40 25.92 -
al

84 | wwwiiasrorg Copyright © 2019 IJASR All rights reserved



International Journal of Applied Science and Research

moist
ure
conte
nt
(Vo)
Speci 2.64 2.62 2.65 2.64 2.64 2.71 2.68 2.63 2.70 2.67 0.94
fic
Gravi

Clay | 28.00 | 32.42 30.79 30.40 29.29 24.29 26.66 26.90 30.37 27.50
fracti
on
%)
Activ 1.21 0.98 1.16 1.12 1.47 1.55 1.50 1.39 1.31 1.44 -
ity of
clay
Bulk 1.13 1.14 1.04 1.10 1.21 1.05 1.29 1.22 1.16 1.19 -
Densi

ty
(Mg/
m3)
Dry 0.89 0.84 0.83 0.85 0.95 0.82 1.03 1.00 0.93 0.95 -
Densi
ty
Mg/
m3)
Free | 56.00 | 58.00 53.00 55.67 70.00 63.00 71.00 68.00 62.00 66.80 <50
Swell %
%)
% 80.70 | 84.90 63.00 76.20 86.70 94.80 72.60 62.10 75.10 78.26 <35
passi %
ng
sieve

200

Table 3: Result showing the strength characteristics of expansive soils derived from Awka and environs,
Southeastern Nigeria.

Param Geologic formations Feder
eter al
Minis
try of
Work
s
Stand
- - ard
Ameki formation Imo shale (1997
Nise Nibo | Enugwu | Average | Ugwuoba | Akpugoeze | Ufuma Umunze Amansea | Average )
-Agidi
MDD 1.67 1.49 1.63 1.59 1.56 1.40 1.67 1.59 1.75 1.58 >1.76
Mg/
Comp
action
OMC | 24.00 | 27.00 17.70 22.90 21.30 23.20 24.30 22.20 18.10 21.80 -
)
Comp
action
CBR 12.00 | 17.00 18.00 16.00 11.00 10.00 15.00 15.00 12.00 13.00 >40
%
(UnSo
aked)
CBR 2.00 2.00 1.00 2.00 3.00 3.00 2.00 3.00 3.00 3.00 >15
%

85 | wwwiiasrorg Copyright © 2019 IJASR All rights reserved



International Journal of Applied Science and Research

(Soake
d)

Table 4: General guideline for subgrade, sub-base and base course for highway designs by Federal Ministry of
Works (Roads and Bridges) (1997)

Parameter Sub grade (%) Sub base (%) Base course (%)
LL <35 <35 <30

PI <12 <16 <13

% passing sieve 200 <35 <35 <35

CBR value (unsoaked) | >40 230 =80

CBR value (soaked) >15 >25 -

Relative compaction >100 >100 >100

Table 5: Summary of Swelling Potential and Degree of Expansion classification of Expansive Soils from Awka
and Environs, Southeastern Nigeria

S | Sample Geologic
/ | location Formation
N £
o. 5|2 £ z
8 £ - o =
£ 1< |8 = 7
& 2 o = o
E 5 |35 g L=
c = > 4 )
o 2 c S5
2 = S c c
s _| & R 2 S
2 &= O =)
SR 7R|E S gL
S5 SJEQ 23 | 76
solyles | 22 | s
c 2 S >|5 & L2 = c O
22| 2 g8 8 248 %G
© © .= = = 0o PR
— o A o B |9 2o S o c ®©
X g = x % | o E 25 [
= ] - o % L £ o o ¢
b Y (9] oo a S
[] o = O c L w S ©
< < = 3 © o ®© | .= L w© w ©
&S £ T | S |2 |g2] ¢2|T 5 = B £ X
3 = < 5 3 ® © W= | 23 2o o)
=Y a2 & |8z 85|07 &L | 28
1 | Nise Ameki 63.10 | 33.80 | 17.90 | 1.21 | 56.00 | High | Critical | Medium | High High
2 | Nibo Ameki 65.00 | 34.05 | 20.00 | 0.98 | 51.00 | High | Critical | Medium | High High
3 | Enugwu- Ameki 66.80 | 31.38 | 10.70 | 1.16 | 53.00 | High | Critical | Medium | High High
Agidi
4 | Ugwuoba Imo Shale | 75.50 | 43.00 | 10.70 | 1.47 | 71.00 | High | Critical | High Very high | Very high
5 | Akpugoeze | Imo Shale | 76.40 | 46.45 | 17.90 | 1.55 | 63.00 | High | Critical | High Very high | Very high
6 | Ufuma Imo Shale | 74.40 | 40.10 | 14.80 | 1.50 | 61.00 | High | Critical | High Very high | Very high
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7 | Umunze Imo Shale | 68.40 | 37.45 | 13.60 | 1.39 | 65.00 | High | Critical | High Very high | Very high

8 | Amanseca Imo Shale | 77.40 | 39.75 | 1570 | 1.31 | 62.00 | High | Critical | High Very high | Very high

4.2. Discussion

4.2.1. Consistency/ Atterberg Limit

The Atterberg limit test using liquid limit indicates that the results of the expansive soils derived from Imo Shale
ranges from 68.40 to 77.40% with an average of 74.42% while those derived from Ameki Formation ranges from
63.10 to 66.80% with an average of 64.97%. Using liquid limit classification by Holtz & Gibbs (1965), the soil
samples from Imo Shale have very high swelling potentials while samples derived from Ameki Formation have
high swelling potential. Also, the swelling potential of the studied soils using plasticity index values of expansive
soils derived from Imo Shale indicates a very high swelling potential with PI values ranges from 37.45 to 46.45%
with average of 41.35% while those derived from Ameki Formation have high swelling potential with the PI
values ranges from 33.55 to 34.05% with average of 33.80% (Ola, 1981).

In general, the entire studied soils sample using liquid limit indicates high compressibility (Venkatramaiah, 2006),
high degree of expansiveness (Chen 1975) and high to very high swelling potentials using liquid limit and plasticity
index (Hortz & Gibbs, 1956; Ola, 1981). Using Federal Ministry of Works and Housing (1997) specification for
liquid limit and plasticity index value, all the studied soils are poor subgrade and poor foundation materials for
engineering purposes because they exceeded the permissible limit.

4.2.2. Activity of Clay

Activity of clay is another geotechnical parameter used to estimate for the swelling potential of a solil, it is the
measure of the contribution of clay minerals to plasticity of the soil. It was obtained by dividing plasticity index
(PI) with the percent of clay sized particles (less than 2um) present. It helps to infers for a particular clay mineral
responsible for swelling behaviour of expansive soils.

The activity of clay of the studied soil samples for Imo Shale ranges from 1.31 to 1.55 with an average of 1.44
while that of Ameki Formation ranges from 0.98 to 1.16 with an average of 1.12. All the soil samples from Imo
Shale have high activity while sample from Ameki Formation have medium activity (Skempton, 1953). Therefore,
the swelling potential of the studied soil using Skempton (1953) classification has medium-high activity.

Table 6: General guideline for swelling potential and degree of expansion classification of expansive soils based on
various geotechnical parameters.

Swelling potential classification Degree of expansion classification
Geotechnical parameter used in Geotechnical parameter used in the
the classification classification
Classification
Classification

Plasticity index, PI (%) Linear shrinkage, LS (%0)(Attimeyer,1956)
(Ola,1981)

<5 Non-critical
<15 Low 5-8 Marginal
15-25 Medium >8 Critical
25-35 High
>35 Very high
Liquid limit, LL (%) Free swell (%) (Dawson, 19506)
(Holtz & Gibbs, 1956)

<50 Low
<35 Low >50 High
35-50 Medium
50-70 High

87 WWW.ijastr.org Copyright © 2019 IJASR All rights reserved



International Journal of Applied Science and Research

>70 Very high

Activity of clay (Skempton, 1953)

>0.75 Low
0.75-1.25 Medium
>1.25 High

4.2.3. Linear Shrinkage Limit

Linear shrinkage is one of the important geotechnical parameter used to determine the degree of expansion of
soils. The possibility of recognizing expansive soil with linear shrinkage was proposed by Kantey & Brink (1952).
The linear shrinkage of the studied soils form Imo Shale ranges from 10.70 to 17.90% with an average of 14.54%
while samples from Ameki Formation range from 10.70 to 20.00% with an average of 16.20%. This high value of
linear shrinkage maybe due to the high plasticity of the soils and it implies that the studied soils have the
affinity/tendency to swell when in contact with water and shrinks when dried.

Thus, the result indicates that the degree of expansion of the studied soil samples from both Imo Shale and
Ameki Formation have critical value using linear shrinkage (Attimeyer, 1956) and thus, do not conform to
Federal Ministry of Works and Housing (1997) specification for linear shrinkage.

4.2.4. Free swell

The free swell value of the studied soil samples is another important geotechnical parameter used to estimate for
the degree of expansion of the expansive soils. The free swell values of the studied soils derived from Imo Shale
ranges from 62.00 to 71.00% with an average of 66.80% while those samples derived from Ameki Formation
ranges from 53.00 to 58.00% with an average of 55.67%.

Expansive soil samples derived from both Imo Shale and Ameki Formation have high degree of expansive
because they have free swell values >50% (Dawson, 1956; FMWH, 1997).

4.2.5. Natural moisture content

The natural moisture content of soils has much to say about soil type. Clay soils absorb and retain more water
than saturated sandy soil because sandy soils are more permeable and porous than clay soils and as such, clay soil
retains/traps more water than sandy soil. The result of the natural moisture content on the studied soils detived
from Ameki Formation ranges from 25.60 to 30.60% with an average of 27.67% while samples derived from Imo
Shale ranges from 23.40 to 28.80% with an average of 25.92% which indicates that they are fine grained soils with
great affinity to absorb moisture. It also shows low transmisivity and high compressivity from the plot on the
Casagrande plasticity chart (Figure 5). The high affinity for moisture in the studied soils indicates the presence of
minerals like montmorillonite, kaolin, illite etc. which attracts water molecules to get attached on the surface of
clay soils.

Generally, the studied soils derived from both Ameki Formation and Imo Shale confirms that the soils are highly
expansive and as such are not suitable for subgrade and foundation materials in engineering construction because
they exceed the permissible limit of between 5 to 15% according to Weltman and Head (1983).

4.2.6. Bulk Density

Bulk density of a soil depends primarily on soil organic matter, soil texture, density of soil mineral (sand, silt, and
clay) and their packing arrangement (degree of compaction) and the bulk density of a mineral soil are between
1.00 and 1.60Mg/m?. Loose, well-aggregated, porous soils and those rich in organic matter have lower bulk
density while sandy soils have relatively high bulk density because total pore space in sands is more than silt or
clay soils. Bulk density typically increases with soil depth since subsurface layers are more compacted and have less
organic matter, less aggregation, and less root penetration compared to surface layers, therefore contain less pore
space. Paige-Green (2007) states that low bulk density value of <2.6 Mg/m? for a construction material is highly
vulnerable to weathering and deterioration.
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The Bulk Density of the studied derived soils form Imo Shale ranges from 1.05 to 1.29 Mg/m? with an average of
1.19 Mg/m? while the samples detived from Ameki Formation ranges from 1.04 to 1.14 Mg/m? with an average
of 1.10 Mg/m3. Base on Paige- Green (2007) Facts, the studied soils have low permeability and porosity due its
high compaction because it have more of finer materials than coarse material. Generally, the studied soils from
both geologic Formations are not suitable for construction purposes.

4.2.7. Specific gravity

The strength of a soil mass is directly proportional to its specific gravity. The higher the specific gravity of a solil,
the more the strength is increased and the lower the specific gravity of a soil, the more the strength decreases. In
essence, the specific gravity of soils largely depends on the density of the minerals and chemical making up of the
individual soil particles (Oyediran & Durojaiye, 2011). The specific gravity of soils reflects the history of
weathering (Tuncer & Lohnes, 1977) and it is also used in mineral classification of soils (Bowles, 2012). The
specific gravity of a soil also gives an idea of the suitability of the soil for construction purposes in the sense that
the higher the specific gravity value of a soil, the more the shear strength parameters (cohesion, angle of shearing
resistance and California bearing ratio) and the more considerable/recommendable the soil is for construction
purposes because it gives more strength for roads construction and foundations (Roy & Dass, 2014; Roy, 2010).
Wright (19806) classified that the standard range for specific gravity of soils should be between 2.60 and 2.80 while
FMWH (1997) specified a specific gravity value of 2.2 as suitable for construction purposes.

Based on the studies, the specific gravity of the studied soils derived from Ameki Formation ranges from 2.62 to
2.65 with an average of 2.64 while those derived from Imo Shale ranges from 2.63 to 2.71 with an average of 2.67
which indicates that the studied soils are inorganic soil.

Table 7: Range of specific gravity by ASTM D854-92 and Bowles (2012)

Soil type Range of specific gravity specified by
ASTM D854-92 and Bowles (2012)

Iron-rich or mica laterite (eg lateritic soils) 2.67-3.00

Sand 2.05-2.67

Silt 2.67-2.70

Clay and silty clay(inorganic) 2.67-2.80

Organic soil 1.00-2.60

4.2.8. Dry Density

Dry density of a soil depends on the structure of the soil matter (compacted or loosen) and the soil matrix
swelling and shrinkage characteristics. The dry density of the samples derived from Imo Shale range from 0.82 to
1.03Mg/m? with an average 0.95Mg/m? while that of Ameki Formation ranges from 0.83 to 0.89Mg/m? with an
average of 0.85 Mg/m3. Using Hillel (1980), the dry density of the studied soils falls within aggregated loam and
clayey soils because he reported that dry density of soils can be as high as 1.6g/m3 in sandy soils while in
aggregated loam and clayey soils, it can be as low as 1.1g/m3.Comparing the studied soils with Poffijn (1988)
specifications for dry density, the values of dry density of the studied soils falls within range of clay. The highest
value of dry density of 1.03g/m3 was observed at Imo Shale (Ufuma) while the lowest value of 0.82g/m?3 was
observed at Ameki Formation (Enugwu-Agidi).

4.2.9 Particle Size Distribution and Soil Classification

The results and graphs of the sieve and hydrometer analysis of the expansive soils derived from Ameki Formation
and Imo Shale using unified soil classification system (USCS) and general specification by Roads and Bridges-
Revised (1997), (FMWH) Nigeria shows that the analyzed expansive soil samples are poorly graded and poor
subgrade material with less coarse sand material (Figure 7). The particle size distribution curve provides an
information on how graded a particular soil sample is (well graded or pootly graded), also particle size is one of
the suitability criteria of soils to be used for highway, underground utilities, levee, dam and other embankment
constructions (Bowels, 2012). The percentage passing through No.200 BS sieve from expansive soil samples
derived from Ameki Formation ranges between 63.00 to 84.90% with an average of 76.20% while the samples
derived from Imo Shale ranges from 62.10 to 94.80% with an average of 78.26%, which implies that the soil
samples are fined-grained soils according to Unified Soil Classification Systems which indicates that all the studied
soil sample are poorly-graded because the passing through No.200 BS sieve is >50%. In making estimates of the
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degree of expansiveness with respect to particle size distribution curve, Chen (1975) established that a soil with
more than 95% passing through No.200 BS sieve and more than 60% liquid limits have degree of expansion. All
the soil samples analyzed have liquid limit >60% and >60% passing through No.200 BS sieve which supports that
they are expansive in nature. These observations tend to support the fact that all the studied soil samples are
problematic soils because they have more fine-grained than coarse-grained materials. Also evaluating the results of
the studied soils using Federal Ministry of Works and Housing (1997) specification, all the studied soil samples
are not suitable for subgrade and sub-base materials as the percentage by weight finer than No.200 BS test sieve is
>35%.
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Figure 7: Particle Size Distribution Curve of expansive soils derived from Ameki and Imo Shale in Awka and
environs

Casagrande (1948) classified soils with 50% passing sieve No. 200, liquid limit of more than 50% and PI plots
above the “A” and “U” line as CH soils (inorganic fat clays). A plot of the entire soil sample on the Casagrande
plasticity chart indicates that all the soil plots between the “A” and “U” line which is the boundary for clays. They
plot as CH soils (clay with high plasticity) which indicate that they are problematic soils for engineering
constructions. Using AASHTO soil classification for highway (1967), the studied soils from both geologic
Formations are poor soils (fall within A-7 group) for both sub-grade and sub-base material because they have
percentage passing sieve No. 200 >35%.
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Figure 8: Identification and classification of expansive soils derived from Imo Shale and Ameki Formation in
Awka and environs using Casagrande Plasticity Chart.

4.2.10. Compaction characteristics

The compaction test of the studied soils indicates that maximum dry density (MDD) of the expansive soils
derived from Ameki Formation ranges from 1.49 to 1.67Mg/m3 with an average of 1.59 Mg/m3 while the samples
derived from Imo shale ranges from 1.40 to 1.75Mg/m’ with an average of 1.58Mg/m3 and the optimum
moisture content (OMC) of the expansive soils derived from Ameki Formation ranges from 17.70 to 27.00% with
an average of 22.90% while the samples derived from Imo shale ranges from 18.10 to 24.30% with an average of
21.82%. Bello et al, (2007) and Madedor (1983) characterized soil samples with high maximum dry density
(MDD) and low optimum moisture content (OMC) as suitable for sub-grade and sub-base materials while Federal
Ministry of Works and Housing (1997), characterized soils with OMC value of <18% and MDD value of >0.047
Mg/m?3 as suitable for both sub-grade and sub-base materials. Thus, the soil samples detived from both Imo Shale
and Ameki Formation are not suitable to be used as sub-grade or sub-base Materials because they have low MDD
value and high OMC value.

4.2.11. California Bearing Ratio Test

The CBR test quantitatively evaluates the inherent strength of a subgrade for a road pavement to be designed for a
particular strength of subgrade. The higher the CBR value of soils, the more recommendable the soils to be used
as subgrade and sub-base materials.

The California Bearing Ratio (CBR) test of the studied soils indicates that the unsoaked CBR value of expansive
soil samples derived from Ameki Formation 12 to 18.00% with an average of 16% while the samples derived from
Imo Shale ranges from 10.00 to 15.00% with an average of 13% and the soaked CBR value of expansive soil
samples derived from Ameki Formation 1.00 to 2.00% with an average of 2.00% while the samples derived from
Imo Shale ranges from 2.00 to 3.00% with an average of 3.00%. FMWH (1997) recommend soaked CBR value of
minimum of 15% and unsoaked CBR value of minimum 40% for highway subgrade.

In general, the studied soils yield poor CBR values which are not likely to provide a stable compacted sub-grade
and sub-base materials. This reduction in CBR value in the study area could be as a result of high amount of
clayey soil, poor laterization and ingress of groundwater flow due to poor maintenance of drainage facilities in
some of the studied area. Thus, the studied soils in terms of strength are not suitable to be used as subgrade and
foundation materials in engineering construction.

5.0. Conclusions and Recommendations

Expansive soils derived from different geologic formations in Awka area were investigated in terms of their
geotechnical characterization. The result of the geotechnical characterization of the expansive soils derived from
Ameki Formation and Imo Shale generally have high to very high swelling potential respectively using liquid limit
and plasticity index values (Holtz & Gibbs,1956; Ola, 1981) and medium to high activity using activity of clay
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values (Skempton, 1953) but Federal Ministry of Works and Housing (1997) recommend liquid limit of 40%
maximum and plasticity index value of 20% maximum as suitable for subgrade material but none of the studied
expansive soils meets the required specification.

Generally, on the basis of degree of expansion using linear shrinkage and free swell values (Attimeyer, 1956;
Dawson, 1956) both geologic Formations have critical (linear shrinkage) and high (free swell) degree of expansion.
Based on their plots on the Casagrande plasticity chart (PI and LL), they are classified as CH soils with more than
50% liquid limit, and plots between the “A” and “U” line (Casagrande, 1948) and they are poorly graded soil
materials (USCS).

Generally, the study proved actually that geotechnical properties such as liquid limit, plasticity index, activity of
clay are responsible for the high to very high swelling potential of the soils while linear shrinkage and free swell are
responsible for the critical and high degree of expansion of the soil thereby affecting the strength characteristics of
the studied soils using CBR and MDD values.
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