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Abstract
Lateritic soils at the DALL Quarry in Ilorin metropolis (Sango area), southwestern Nigeria were investigated
with respect to their geotechnical properties and their suitability as construction materials. The two samples
collected fall within the basement complex and they overly the migmatite-gneiss complex rocks.
The grain size analysis shows that soil sample ADET 1 is silt-clayey, very gravelly sand while sample ADET 2
is gravelly, silt-clayey sand. Atterberg consistency limit test shows that ADET 1 has 40% liquid limit, 18.2%
plastic limit, 21.8% plasticity index, 7.4% shrinkage limit and an activity of 0.95 (normal clay). ADET 2 has 46%
liquid limit, 23.5% plastic limit, 22.5% plasticity index, 8.2% shrinkage limit and an activity of 0.63. The soil
samples are above the activity (A) line in the zone of intermediate plasticity (CL) which means that they are
inorganic soils. The samples contain inactive clay suggesting little or no swelling tendency and therefore good
for construction material and this would prohibit foundation failure during foundation settlement. The California
Bearing Ratio (CBR) values are 1-4 % (average = 2.5%) and 3-5% (average = 4%) in ADET 1 and ADET 2
respectively which means that they are good as sub-grade construction materials. The cohesion ranges from
60-100Kpa (average = 75%) and the angle of internal friction ranges from 31o- 35o with an average of 33o.
The geotechnical analyses results show that the soils have high bearing capacity with little or no volume change
and therefore can be used as construction materials in engineering works. Thus, the soil could support shallow
foundation, dam construction, homogeneous embankments, slope stability and sub-grade materials in road
constructions.
Keywords: sub-grade, settlement, Sango, shrinkage, laterite, gravel
1. Introduction
Engineering properties of soils play a significant role in civil engineering construction works particularly in road
constructions, foundations, embankments and dams to mention a few. This made imperative, the testing of soil,
on which a foundation or superstructure is to be laid. This would determine its geotechnical suitability as a
construction material. In recent times, the alarming rate at which lives are being lost due to collapsed buildings
and road failures calls for a solution. The solution could be brought by critical geotechnical testing of the
engineering soil. The present area is situated within latitudes 8o34’N and 8o32’N and longitudes 4o38’15’’E and
4o40’E (Figures 1 and 2). The rocks in the study area are mainly granite gneiss and banded gneiss with foliations.
Several authors have worked on the geotechnical properties of lateritic soils. Jackson (1980) reported that
lateritic soils have been used successfully as base and sub-base materials in road construction. Vallerge et al.
(1969) worked on laterite soil in connection with construction of road, highways and airfields. The engineering
problems associated with lateritic soil were evaluated by Lyons et al. (1971). Balogun (1984) reported that the
addition of lime to the soil increases its optimum moisture content, liquid limit, California Bearing Ratio (CBR)
etc. Alao (1983) studied the engineering properties of some soil samples from Ilorin area and discovered that
they could be stabilized by compaction and that the samples could yield maximum strength if they are
compacted on the dry side of their optimum moisture content (omc). Ogunsanwo (1989) evaluated CBR and
shear strength of some compacted lateritic soils from southwestern part of Nigeria. He reported CBR of 27% in
un-soaked and 14% for soaked sample for laterite soils derived from Amphibolites. From mica schist, he
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obtained 10%
1
for unsoaaked and 9% for
fo soaked sam
mples. As such it will be suittable as sub-baase material buut its
linear shrinnkage of 10% is greater than
n the 8% maxim
mum suggesteed for sub base material.

Figure 11. Geological Map
M of Nigeriaa showing the study area (Ob
baje et al., 20004)

Figure 2. Sample locatioon map showinng sample locaality
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Ogunsanwo (1988) also studied laterite soil from Ojota area in Lagos state and obtained liquid limit of 49.5%,
plastic limit of 21.8%, plastic index of 28.4% and linear shrinkage of 6.9%. On the basis of the geotechnical
properties, he concluded that the soil is a good engineering construction material. Furthermore, Ogunsanwo
(1989) performed CBR and shear strength tests on compacted lateritic soil from Benin sands. He then concluded
that the compacted soil samples are suitable for use as sub-base materials in road construction as their CBR falls
within the limits specified for this purpose (7-20%).
This paper examines the geotechnical properties around DALL Quarry (a laterite soil quarry) soil in Ilorin,
Southwestern Nigeria around where road construction is on-going.
2. Materials and Methods
Two lateritic soils were sampled (ADET 1 AND ADET 2) and selected for the various testing techniques.
Grain-size analyses were performed using the convectional coarse sieve and fine sieve methods. The compaction
test was carried out by standard and modified proctor methods. For the standard and modified proctor
compaction test, the following materials were used: mould dimension of 10cm by 5cm, weight of rammer=2.5kg,
no of layers=5, no of blows=25 but 55 for modified proctor and height of rammer=11.5cm. The CBR tests
(soaked CBR test and un-soaked CBR test) are determined using:
CBR 

test unit load
100
Standard unit load

The analyses were carried out at the Civil Engineering Laboratory, University of Ilorin, Nigeria.
3. Results and Interpretations
3.1 Specific Gravity
The results of the specific gravity analysis of both soil samples, ADET 1 and ADET 2 are 2.68 and 2.63
respectively. Comparing these results with some standard results or values, ADET 1 could be required as sand
and ADET 2 could be required as inorganic clay (Bowles 1979). Table 1 presents the typical values of specific
gravity of soil particles.
Table 1. Typical values of specific gravity of soil particles (Bowles, 1979)
Soil type
Sand
Gravel
Clay(Inorganic)
Clay(organic)
Silt

Specific Gravity
2.65 – 2.68
2.65 – 2.66
2.52 – 2.66
2.68 – 2.72
2.65 – 2.66

3.2 Grain Size Distribution
The test is performed to determine the percentage of different grain sizes contained within the soil. The
distribution of different grain sizes affects the engineering properties of soil which in turn influences their
usability in construction works. The grain size distribution shows that ADET 1 is silty-clayey very gravelly sand,
having 23% silt, 23% clay, 47% sand and 30% gravel compositions. Similarly, ADET 2 could be described as
gravelly silt-clayey sand with 36% silt, 36% clay, 52% sand and 12% gravel compositions.
3.3 Atterberg Limits
The Atterberg consistency limit tests carried out on the soil samples show that ADET 1 has liquid limit of 40.0%,
plastic limit of 18.2%, plasticity index of 21.8%, shrinkage limit of 7.4%, toughness index of 1.16 and activity of
0.95 while ADET 2 it has liquid limit of 46.0%, plastic limit of 23.5%, plasticity index of 22.5%, shrinkage limit
of 8.2%, activity of 0.63 and toughness index of 0.82. The plots of plastic index against liquid limit on the
plasticity chart show the Atterberg limits plots above “A” and it is in the zone of inorganic clayey silts, clays of
low plasticity (CL) for both samples (Figure 3). This indicates Inorganic clays of low to medium plasticity,
gravelly clays, sandy clay and silty clay. According to engineering use chart, the soil samples are impervious and
inorganic clays useful for erosion resistance in canal constructions. They can also be useful in homogenous
embankment in rolled earth dams because of their good to fair workability as construction materials and their fair
shearing strength when compacted and saturated (Wagner, 1957). The values of activity (0.95 and 0.63
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respectivelly) also indicaate inactive clay
y content whicch means that volume
v
change is minimal and
a not problem
matic
in the sam
mples (DAS, 2006). The values
v
obtaineed could alsoo be compared with the values
v
obtained by
Ogunsanw
wo (1988) whoo concluded that
t
‘the soil should be goood engineerin
ng constructioon materials w
when
compactedd’.

Figure 3. Ploot of soil samplles ADET 1 annd ADET 2 on extended uniffied soil classiffication
3.4 Compaaction Test
The standaard proctor andd modified pro
octor test variab
ables, using 10000cm3 mouldss and the summ
mary of compaaction
tests resultts are presented in Tables 2 and
a 3respectivvely. The comppaction curves shows that drry density increeases
with increasing water coontent up to a maximum andd later decreasse. The maxim
mum dry densitty (MDD) obtaained
for samplee ADET1 is 1.85g/cm3 at stan
ndard proctor and 1.84 g/cm
m3 at modified proctor.
p
For saample ADET 22, the
maximum dry density iss 1.84 g/cm3 at standard procctor and 1.90 g/cm
g 3 for modified proctor (F
Figure 4). Thiss falls
within the observed rangge of 1.3-2.4 g/cm
g 3 obtainedd by Ogunsanw
wo (1989), Maadu (1975) andd Gidigasu (19972).
There is sllight decrease of maximum dry density doown the profilee in this study. The optimum
m water contennt for
sample AD
DET 1 is 14.0%
% at standard proctor and 13% at modifieed proctor. Forr ADET 2 the optimum moiisture
content is 15% at standaard proctor and
d 14% at modiffied proctor. The
T optimum moisture
m
contennt (OMC) servves as
guide to knnow the amounnt of water to add
a during connstruction.
Table 2. Sppecific for stanndard proctor and
a modified pproctor test variables, using 1000cm3 moulld
Weiight of rammerr (kg)
Heigght of rammerr drop (cm)
Voluume of mould (cm3)
Num
mber of layers
Num
mber of blows

Standard Prooctor
2.5
11.5
1000
3
25
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Mod
dified Proctor
2.5
11.5
1000
0
5
55
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Table 3. Suummary of com
mpaction testss results
Samplle
Number
ADET
T1
ADET
T2

Standaard Proctor
OMC (%)
(
MDD(g/cm3)
14.0
1.85
15.0
1.84

Modified Procto
M
or
3
O
OMC
(%)
MDD(g/cm
M
)
133.0
1.84
1
144.0
1.90
1

1.9

MDD(g cm‐3)

1.8
1.7
1.6
1.5
1.4
0

5

100

15

20

25

30

OMC
C%

Stanndard proctor
Moddified proctor
Figure 4. Compactio
on curve for sooil sample AD
DET 1 standard
d and 1 modifyy
Ratio (CBR) Teests
3.5 Califorrnia Bearing R
The resultss of the CBR aand the interprretations are prresented in Taables 4 and 5 respectively. Foor standard prooctor
unsoaked and
a soaked, A
ADET1 has 3%
% CBR and 1%
% CBR values respectively. ADET2
A
also has
h 4% CBR vaalues
respectivelly. Similarly, m
modified procttor unsoaked aand soaked, AD
DET1 has 4% and 2% CBR values
v
respecttively
and ADET
T2 has 5% andd 3% CBR vaalues respectivvely. Considering the valuess obtained, theey fall within CBR
value rangge of 0-3% andd 3-7% respecctively (Bowlees, 1990), hencce, the soils co
ould be useful for slope stabbility,
homogeneeous embankm
ment, core of roll earth dams aand as sub-graade materials fo
or road construuctions.
BR tests resultss
Table 4. Suummary of CB
Sample N
Number
ADET 1
ADET 2

Staandard proctorr %
Un
nsoaked %
Soaked %
3
1
4
4

Modified prroctor %
Unsoaked %
Soaked %
4
2
5
3

Table 5. General
G
rating oof soil materials using CBR vvalues (After Bowles,
B
1990))
CBR
R Value
0-3
3-7
7-20
20-500
50

Geneeral
RY POOR
VER
Poorr-fair
Fair
Good
d
Exceellent

U
Uses
Suub-grade
Suub-grade
Suub-grade
Base, Sub-gradee
Base

Classificattion System
0H,CH,MH
H,OL
0H,CH,MH
H,OL
OL,CL,ML
L,SC,SM,SP
GM,GC,SW
W,SM,SP,GP
GW,GM

3.6 Direct Shear Tests
mine the anglee of internal frriction of soil, the cohesion of the soil andd the
The directt shear test is uused to determ
effective pressure.
p
The test shows thaat soil samplee ADET 1 com
mpacted at staandard proctorr exhibits coheesion
value of 70Kpa
7
and anggle of internal friction of 344o, when comppacted at modiified proctor, the
t cohesion (C) is
100Kpa annd angle of inteernal friction 32
3 o. Sample ADET 2 compaacted at standarrd proctor has cohesion of 600Kpa
75

www.ccsenet.org/esr

Earth Science Research

Vol. 1, No. 2; 2012

and internal friction of 35o. When compacted at modified proctor, the cohesion is 70Kpa and angle of internal
friction is 31o. The graphical representation is shown in Figures 5-8. The shear box test revealed that the soils are
of high strength having cohesion values ranging from 60Kpa to 100Kpa with an average of 75Kpa. Similarly, the
angle of internal friction ranges from 31o to 35o with an average of 33o. Alao and Opaleye (2011) obtained an
average value of cohesion, 65Kpa and an average value of angle of internal resistance, 26o. These values show
that the soils have high bearing capacity as a result of their respective high cohesion and angle of internal friction
values. It can therefore be deduced from the results of the test that the soil samples have a medium angle of
internal friction which implies that the soils are hard according to the above references. Hence, the soils could
support slope stability and shallow foundation.
Table 6a. ADET 1 standard proctor shear strength reading
Load(kg)
Shear Stress
5
166
10
269
15
358
20
433
Cohesion=70Kpa, Angle of internal friction Ф = 340

Normal Stress
138.9
277.8
416.7
555.6

Table 6b. ADET 1 modified proctor shear strength reading
Load(kg)
Shear Stress
5
186
10
304
15
372
20
454
Cohesion= 100Kpa, Angle of internal friction Ф = 320

Normal Stress
138.9
277.8
416.7
555.6

Table 6c. ADET 2 standard proctor shear strength reading
Load(kg)
Shear Stress
5
160
10
269
15
359
20
433
Cohesion=60Kpa, Angle of internal friction Ф = 350

Normal Stress
138.9
277.8
416.7
555.6

Table 6d. ADET 2 modified proctor shear strength reading
Load(kg)
Shear Stress
5
153
10
231
15
320
20
428
Cohesion C=70Kpa, Angle of internal friction Ф = 310

76

Normal Stress
138.9
277.8
416.7
555.6
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Figurre 5a. Plots of shear stress (k
kpa) vs strain (%
%) for standarrd proctor com
mpacted soil sam
mple ADET 1

Figure 5bb. Plot of shearr stress (kpa) vs
v normal stresss (kpa) for stanndard proctor compacted soiil sample ADE
ET 1
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Figurre 6a. Plots of sshear stress (kp
pa) vs strain (%
%) for modifieed proctor com
mpacted soil sam
mple ADET 1

Figure 6bb. Plot of shearr stress (kpa) vs
v normal stresss (kpa) for moodified proctorr compacted sooil sample ADE
ET1
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Figurre 7a. Plots of shear stress (k
kpa) vs strain (%
%) for standarrd proctor com
mpacted soil sam
mple ADET 2

Figurre 7b. Plots of shear stress (k
kpa) vs strain (%) for standarrd proctor com
mpacted soil sam
mple ADET 2
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Figurre 8a. Plots of sshear stress (kp
pa) vs strain (%
%) for modifieed proctor com
mpacted soil sam
mple ADET 2

Figure 8b.. Plot of shear stress (kPa) vss. normal stresss (kPa) for moodified proctorr compacted sooil sample ADE
ET 2
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4. Conclusions
Based on the grain size analysis, the soil sample ADET 1 is silt-clayey very gravelly sand (reddish brown colour)
with 30% gravel, 47% sand, 23% silt and clay respectively. ADET 2 exhibits reddish brown colour and is
characterized by 12% gravel, 52% sand, 36% silt and clay respectively.
Atterberge consistency limit test indicate that the soil samples are above the activity (A) line in the zone of
intermediate plasticity clays (CL and there is negligible or no swelling of soils. Therefore they can be chosen as
construction materials in buildings and foundations. The CBR values range from 1-5%. This may make it useful
as sub-grade materials in road construction and could also be useful for slope stability.
The direct shear test results give an average value of 33o for the angle of internal friction and average of 75Kpa
for cohesion. These values are attributed to the high bearing capacity of the soils making them to be useful in
slope stability. The foundation design of the area would be shallow foundation and could also support
moderately steep slopes to a great height.
Based on the values obtained from the various tests carried out on the soil samples, it could be concluded that
they are good road construction materials and can also be used for slope stability and dam constructions.
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