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INDEX AND COMPACTION PROPERTIES OF I.ATERITE OEPOSITS FOR ROAD
CONSTRUCTION IN MINNA AREA, NIGERIA

roke, s. A., 2Amadi, A. N., 3Abalaka, A. E., rNwosu, 
J. E. and rAiibade s. A.

ra2Depanment of Geology'rBuilding Department
Federal Universiry of Technology, Minna, Niger State, Nigeria.

ABSTRACT: Thrce loterite deposits locoted ot KomPolo, Kpokungu-Lobti ond Gwado-Morobo oreos of Minno,

north-westen Nigetio wete ossessed for their geotechnicol chorocteristics nith the oim of detetmining thefu suitobility

fot rood construction. Two somples wete collected twenty-ftve mete$ oport from eoch locotion ond onolyzed. The soil

wos heterogeneous. The liguid limit voried ftom 32Vo to 46 , plostic limit ronges from 22.8 to 29.6% while the
plosticityindexwosoftheorderof6.9Voto16.4.Theshrinkogepotentiolvtosgenerollylow.TheColifornioBeoring
Rot,o (C.B.R) hod o generol roting of poor to ercel/ent- The moximum dry density voried from l.88glcm3 to 2.145
glcms while the optimum moistute content wos of the order of l?% to 16%. The X-roy Difftoction (XRD) results
indicoted the presence of illite, koolinite, ond montmotillonite in decreosing order of obundonce.

KE)'WORDS Geotechnicol Assessrnent, X-roy diffroction, loterite, rood construction, sieve ono,/sis, plostaity index,

comPoction, Colifomio Beoring Rotio.

\

lNTRODUCTION
Laterite has been used for centuries as a

construction material in building low income
houses (local) but its most effective use has been in

the area of road construction (Abalaka, 1998). lt
has for..rnd useful application as a sub-base material
in the construction of highway pavement (David,

1993). The suitability of laterite for a pafticular use

is determined based on its index and compaction
prope.ties for example particle size distribution,
plasticity, compaction properties and not on visual

inspection or apparent similariry to other soils.

Where such relevant knowledge is not properly
ascertained, construction problerns may result. ln
order to avoid or reduce post construction
difficulties of road, a thorough geotechnical
investigation of the sub-grade and materials for
filling base and sub-base of highway pavement is

necessary in order to ensure its durability.
The presence of iron and aluminium oxides

or hydroxides determines the coiour of laterite
soils. Colour rrariation ranges from dark red to light
brown depending on the relative values of the
metal oxides present in the deposit (David 1993).

This yariation in lateritic soil depends on rhe mode
of soil formation, climate, geologic histonT, type of
weatherinS and erosion and the extent of
laterization. Laterization is rhe removal of silicon
through hydrolysis and oxidation rhar resuhs in the

formation of laterites. Lateritic soil due to their
structural strength can be very suitable for sub-
grades, though care should be taken to provide
drainage and avoid pafticle breakdown from over-
comPaction.

This work focuses on the assessment of the
geotechnical characteristics of laterite deposits
from three locations (Kampala, Kpakungu Labiri
and Gwada Maraba) areas of Minna metropolis,
northwesrern Nrgena wrrh a view to appraisinS
their suitability for road construction.

DESCRIPTION OF STUDY AREA
Kampala lies between latitude (904d55//N and

9c4lr33//N) longitude (6026/t3ilE and 6077
00/'E) east of Maikunkele (fig. l). Kampala is

characterized by rrallep and ridges. Kpakungu
Labiri is siruated berween larirude (9035/5d/N and
9c36r oo/N) longitude (6o3ood'E and 6032/0d/E)

[ig. l]. The laterite in Kpakungu Labiri occurs as a

nonh-south trending ridge in the nonhern and
westeTn pan. Gwada Maraba lies between latitude
(9043'00//N and 9044/37/N) longitude (5048/3d/E

and 5048/53//E) along Minna- Gwada road with a

relatively flat topography (fig. l).
General Geology of the Area

The areas investigated are pan of Nonh-
Western Basement complex of Nigeria (l-ruswell
and Cope 1963;Aibade 1976).
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Fig. I Location map of the study areas inserted on a generalised geological map. (Modified after Truswell, &
Cope, 1963).

K is Kampala, GM is Gwada Maraba and KL is

Kpakungu Labiri.
The Nigerian basement complex is subdivided

into three lithological suites: rhe migmatitdgneiss
complex, low grade schist belt and the older (Pan

African) granite. Field obsenrations revealed that
the older granites are the youngesr of the three
suites and they have been emplaced into both the
migmatite/gneiss complex and the schisr belts. The

field descriptions of basement cover relationships
in Minna region (fig. 2) are documented in Ajibade
et al., 1987. Coarse grained tranite/granodiorite
occurs as ridges to flat low lying outcrop in
Kampala. Medium to coarse grained

Sranite/granodiorite wirh quarrz and pegmatite
veins characrerize Kpakungu Labiri. Gneiss and

Branate occur in Gwada Maraba.
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(

( Fig. 2 Detailed geological map of Minna region (After Ajibade et al., 1987)

soils for Civil Engineering purposes (British
Standard lnstitution, BS 1990).

Sieve analysis, Atterberg limits (liquid and plastic
limits), moisture content, compaction and
California Bearing Ratio Tests were carried out on
the soil samples. Selected lateritic soil samples
were ana[zed to determine the type of clay
minerals present with x-ray diffraition (XRD)
method.

\

Table l. Panicle Size Analpis Results
Sample

No.

t.
2.

I

Location

Kampala
Kampala
Kpakungu
Labiri

Depth
(.n)

0.s0
0.50
0.50

r9.00
t00-0
r00.0
r00.0

0.60
57.t4
44.56
31.18

c.425
.55.02

42.30
7s.42

0.t50
43.00
32.50
rs.92

SIEVE ANALYSIS (% PASSING) [Sieve size in mm]
9.50
99.68
96.66
87 .56

4.75
9t.34
80.86
75.76

t.t8
61.74
49.36
36.77

0.300
5r.88
39.42
t9.t2

0.075
38. r2
76.96
t4.44

Kpakungu 0.50
Labiri

Gwada
Maraba .'

r00.0 88.26 64.38 49.A8 4t.46 34.A) 30.t2 26.62 ZiOO Zr.Oa

0.50 100.0 e7.25 84.58 6e s8 62.54 60.06 58.58 5s.64

Gwada
Maraba

0.s0 t00.0 t00.0 99.76 e5.00 83.33 7177 63.88 s4.84 39.92 31.s6

30

METHODOLOGY
Detailed geological mappings of three localities

were undenaken with the aim of locating laterite
deposits and establishing the host rocks. Two
samples were collected at each location ar twenty
five metres apart. A total of six trial pits were
excavatd and soil samples were collected at
depths of 0.1 to 0.5 meters according to British
standard (BS) code of pracrice for site investigarion
(1981). Fifteen (15) kg each of the disturbed
lateritic soil samples were collected from each trial
pit. The samples collected were analyzed for
relevant geotechnical propenies in the laboratory
according to British standard methods of test for
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LABORATORY RESULTS
Sieve Anolysis
The detail results of the sieve analysis are
contained in Table l. A typical particle size
distribution curve is illustrated in Fig.3.
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Fig. 3 Typical pafticle size disrriburion curve.

Table 2. Summary of Soil Classification

Sample
No. /

Location

General
Rating

Asa
Sub-base

I Kampala Fair
To

Poor

3

Kpakungu
Labiri

To
Excellent

5 Gwada
Maraba

Fair
To

Poor

6 Gwada
Maraba

-l

coaatas

Reddish brown,
lateritic, sandy, gravelly,

silty clay.

Description USC

sc/
GM

Reddish brown,
lateritic, silty clayey,

sandy, gravel.

25

GM

55 Reddish brown,
lateritic, silty, clayey,

gravelly, sandy.

sc/
GM

ll

Good
To

Excellent

Soil

Size
AASHTO

A-7 -6

Good
.To

Excellent

Good
To

Eicelleirt

2

silt
+

Sand Gravel

4o 25 35

Kanpala 27 l3r '60

CIay

Reddish brown.
lateritic, sandy, silr/

clayey, gravel.

Reddish brown,
lateritic, sandy, srlry

clayey, gravel.

A6

sc/
GM

CLG

GPC

GPC

GPC

A-z-6

t4

28

40

26 60

50

35

A-2-6

4

Labiri

sc/
GM

A-?.-4
Kpakungu

l0

Redd sh browr, . CLG
lateritrc, sandy, gra.,,eli/, .

sr ry ciay

F.f, r!.zn C.d!.

35 GCL A-2-4



The British classification (BSC), Unified soil (USC)

and AASHTO (American Association of State High

way and Transportation Officials) classification of
the soil samples are summarised in table 3. The
laterite samples collected from Kanrpala and

Gwada Maraba are heterogeneous while those
retrieved from Kpakungu are homogeneous.

Atterberg Limits
The summary of the Atterberg limits is presented
in table 3. Samples numbers l,2and4 areof low
plasticity while samples 3,5 and 6 are of
intermediate plasticity. Shrinkage potential of the
soil samples are generally low and the description is

contained in table 3.

Compoction fest
The results of the compaction test are summarized
in table 3. Compaction test is normally undenaken
in order to obtain data to control the degree of
compaction satisfactory at reasonable cost.

Laboratory compaction tests provide the basis for
control procedure used on site, Compaction on
site is usually effected by mechanical means such as

rolling, ramming or vibrating on soil placed as

engineering fill in order to compact it to a dense
state so as to obtain satisfactory engineering
properties. Compaction improves the soil by
increasing its stability and CBR (California Bearing
Ratio) values and by reducing its compressibility
and frost susceptibiliry (Ele lnternational, 2009).
A rypical graph of dry densiry against moisture

content is presentd in Fig.2. The imPortance of
the moisture-density relationship is to aid in
checking the moisture content of soils being
worked rn order to obtain maximum compaction.
The determined maximum dry density in the
laboratory provides a standard to which the
compaction in the field has to comply (Ministry of
works and Transpon, Osogbo, 1999; Matanal,

1990 and 199 l).

Table 3 Summary of Laboratory Results

Oke, S. A., Amadi, A. N., Abalaka, A. E., Nwosu, j. E. and Ajibade S. A

ATTERBERG LIMIT (o/o) COMPACTION

Sample
No./

Location
L

Karrpa a

Kampala

3.

Kpakungu'
Labiri

4.

Kpakungu
Labiri

PL

23.40

22.80

23. r0

24.80

LL

3 4.0

SP Soal<ed
ar/o

Unsoaked
lo

46.40
Not tested

59.70

,3S.40

12.0

t2.0

10.60 Low Not
tesred
Not

tested

55.00

37.80

MEAN
0.50

0.50

0.50

34.0

34.0
3 7.0

3 2.0

t0.90
r2.20

12.0

t2.0

r2.0
t6.0

Low 37 .40

25.10 6.90 Low 35.70

Low
MEAN
0.50

34.50
46.0

24.95
29.60

36.55
Nor

tested
89

Not
tested

2.M

49.05 ' 1.97 t5.0

Colifornio Beoring Rotio (C. L R.) Test
The California Bearing Ratio test resulas are

presentd in Table 4. The California Bearing Ratio
(CBR) test is a simple strength test thar compares
the bearing capacity of a material wirh that of a

well-graded crushed stone (thus, a high quality
crushed stone material should have a CBR of
10006). lt is primarily intended for, but not limited
to, e\.aluating the strength of cohesive materials
having maximum pafticle sizes less than 19 mm

l.4DD OMC
(g .rn') f/c)

C, B, R.

5.

Gwada
l'laraba

6.
Gwada

Maraba

Not tested I .88 12.0

9.55
t6.40

MEAN 40.s0 2&38 12.20

LL=Liquid Limit, PL=Plastic Limit, Pl=Plasticity lndex, SP=Shrinkage Potential,
C. B. R. =California Bearing Ratio, MDD = Maximum Dry Density,
OMC = Optimum Moisture Content.

32
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(AASHTO, 2000). lt was developed by the
California Division of Highways around 1930 and
was subsequently adopted by numerous srares,
counties, U.S. federal agencies and internationally.

The penetration-load data for unsoaked and
soaked C.B.R. tests provide necessary lnformataon
used in classifying the soil and in derermining their
performance and suitability as sub-grade or base
course in highway and airfields construction. ln

addition, soaked C.B.R. test provides information
on expected soil expansion beneath the pavement
when the soil becomes saturated and gives an
indication of strength loss from field saruration
(American Asso<iation of State Highway of
Officials, 2000). Fig.4 illustrates the California
Bearing Ratio curve. The summary of the soil
classification is presented in table 3.

Table 4. California Beari Ratid Results and lts rcations

Excellent

Good
Excellent

to

4 3 5.70 Good Sub-base

5

Good
Excellent

to

2.1

2-lo

2.05

8 10 12 14 16 MOISTURE CONTENT (%)
Fig.4 Plot of Dry Densiry againsr Morsrure content

OMC = 12%

2.4)

33

C. B. R:
Sample
No.

7.

Soaked
ob

I\Or
Tesred
Not
Tested

37 .40

Unsoaked

5s.00

37.80

l'1ean=
46.40
Non

Location .r Trial Pit

Kampala

.Kampala

Depth
(m)
0.50

0.50

Uses

---ltr -
2

I

G6bd 5ab-base

3. Kpakungu
Labiri

3 0.50 Good Sub-base

Kpakungu 4

Labiri

Gwada
Maraba
Gwada

-l

5

6

0.50

Good

Excellent Base

Good Sub-base

0_s0

0.50

Mean=
36.55
Not
Tested
Not
Tested

59.70

38.406.

Mean=
49.05
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Fig.5 California Bearing Rario Curve

cor'lcLUstoN
fhe results of the classification tess (sieve

anal)'sis, liquid and plastic limits), California Bearing
Rati,:, (C.B.R.) 3nd compaction tests indicate that:
(l) the lateritic soil from Kampala is srritable lor rhe
constTuction sub-base of roads. (2) Kpakungu
Labir i lateritic soil can be used for making sub-base
layers of road. However, sample number 3

collected at Kpakungu has plasticiry index of 1296.
(3) Ihe C.B.R. test undenaken on samples
collecred from Gwada Maraba indicates that rhe
soil can be used for sub-base which is funher
conlrrmed by the classification tests. However,
samtlle number 5 has a plasticity index of 16.496,
thoLrgh with a low shrinkage potential.

-arerire with medium ro high shrinkage
potentral and intermediate plasticity is undesirable
in r(:ad construction because of their tendency to
swelt and shrink as a result of increase and
decrease in moisture content respectively. This is

due to the presence of cenain types of clay
minr:rals like monrmorillonite and illire obrained
fronr XRD results. The resultant effect is rhe
development of crack and pot holes which will
evenrually lead to road failure. h should therefore

Z

'.-..
i"

{I

t)

.+9v
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X-roy Dtffroction Test
About 2kg of each lateritic soil samples from
Kampala and Gwada Maraba were mixed togerher
for x-ray diffraction analysis to establish the types
of clay minerals. The soil samples were selected
based on plasticiry index of l27o and above and
intermediate plasticity of sample number 3, 5 and 5
collected from Kpakungu and Gwada Maraba.
The results indicate that illire, kaolinite,
montmorillonite were identified in order of
abundance. lllite is derived principally from the
weathering of muscovite and biotite contained in

Sranitic gneiss and granite. Montmorillonire is

active and swells in the presence of warer and its
general formular {Al1[SiAlrOro](OH.)]'1'. nHrO,
where nHrO is the interlayer of absorbed water
(Gribble, l99l). The wearhering of
montmorillonite often produces kaolinite and in
areas where weathering has progressed, both
minerals are usually present (Bowles, 1984). ln
summary, kaolinite is the least active clay mineral;
illite is of intermediare activiry and monrmorillonire
the most active.
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not be used and laterite with lower Plasticiq' index

should be utilized.
Ewaluation of the geotechnical propenies of

the laterite dePosits in Kampala, Kpakungu Labiri

and Gwada Maraba has revealed their suitabiliry

and inapproPriateness for road construction

purposes. DiliSent aPPlication of these data will

minimize highway failure, prevent road accident

and ensure its durability.
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