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Engineering Properties of Lateritic Soils from
Anambra Central Zone, Nigeria
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Abstract- This study was carried out to investigate the They can also be used in other works in agronominjng
geotech.nical properti@ Of lateritic soils from Anambra Central research (iron, aluminum and manganese) deposits et
?g?ftcci)irf:‘?elr ;ﬂqﬁgi;'sgﬁ'%eigﬁ; :imm%l? "\’l";? ﬁ?&%ctgdb;rgdﬂ Lateritic soils are economically convenient in road
A ' ' ’ construction, in the sense that they are cheagper tther
g”d Enugwu Ukwu and were designated as LAT-1, LAT-2, LAT- o0 ials that can achieve comparable strength thighm
and LAT-4, respectively. The tests carried out on the soil : .
samples include the Atterberg limit tests, particle size distribution and they are moreﬁ ava'labl(_a than those m,ater'e_ns' l
analysis, specific gravity, compaction test using the British Anar_nbra State, laterite is a major road cqnstrnomatenal
Standard Light (BSL) Compactive effort, and California Bearing ~ that is used for the sub-grade and, occasionéiéystb-base
Ratio (CBR) test as specified by the West African Standard and base courses of the roads. Adequate informatioits
(WAS). The tests revealed that all the samples are poorly graded.  geotechnical properties is important because thrability
The liquid limits ranged from 28.85% to 35.7% while the and strength of the road depends on this informat8uch

dry densities (MDD) and Optimum moisture contents (OMC) 4y, density (MDD), the amount of fines (clay, séand and
ranged from 1.77g/Cm® to 1.989/Cm° and 9.5% to 14.6% rZ\veI) asyvv(ell as)i,ts compaction erforl”r(lan():/(,a 8
respectively. The CBR values obtained were 28%, 27%, 25% and 9 P P '

22% respectively. Apart from the Neni sample which was
classified as A-2-4 with the AASHTO classification, the other . REVIEW OF PAST WORKS
soils were classified as A-2-6 soils. All the samples were classified Laterite is described as a product of in-situ westty in

as SC (Clayey sands) according to USCS classification system. It . di t d t hi K |
was concluded that the four lateritic soil samples were suitable Igneous, sedimentary, an mg_amorp IC rqc S comynon
for sub-grade and sub-base type 2, but should not be used in road ~ found under unsaturated conditions (Rhardjo, e2G{4).
congtruction as a base material. Stabilization of the soil was Lateritic soil is one of the most important and coom

equally recommended. materials used in earth work engineering consiuci the
tropics and subtropics where it is in abundance.
KEYWORDS-California bearing ratio, compaction, Geotechnical ~ The name laterite was coined by an English surdeancis
properties, lateritic soil. Buchanan in 1807 in India from a Latin word ‘“later”
meaning brick in the 19 century. He coined the term
I INTRODUCTION laterite when he wrote “What | have called indudattay is
one of the most valuable materials for buildingsltiffused
in immense masses, without any appearance offi&tasitin
and is placed over the granite that forms the basis
Malayala. It is full of cavities and pores, and t@ons a very
large quantity of iron in the form of yellow anddrechres.
In the mass, while excluded from the air, it isssdt, that
any iron instrument readily cuts it, and is duginpsquare
masses with a pick-axe, and immediately cut intoghape

Lateritic soils are highly weathered and alteresidweal soils
formed by the in-situ weathering and decompositain
parent rocks under tropical and subtropical climati
conditions. This weathering process primarily ives the
continuous chemical alteration of minerals, theeasé of
iron and aluminum oxides, and the removal of beses
silica in the rocks. The geotechnical propertiedabéritic
soils are influenced by climate, drainage, geoldgg,nature ) .
of the parent rock and the degree of weathering anted with a trowel, or Igrge kn|fe_. It very sobecomes
linearization of the parent rock. These factors o als®> hard as _b”Ck’ and resists the air and WatemMer
differentiate laterite from other soils that areveleped in than any brick | havg ever seen. The most prppghﬁn
the temperate or cold regions. Some lateritic saile hame Wo_uld be _IaFente., fror‘T IaFer|t|s, the appiia that
thought to have been transported from their pldcerigin may be_ given o itin science". Since then Iot;&n‘earches
by wind or other action, but most of those with ebhiis and write ups have been car.ned out on laterite safut of
used for road construction is likely to have beamried in- terms _referrlng to many soil types have been.preduc
situ. Lateritic soils contribute to the general mmamy of the Ther(_a IS a ten(_jency to apply the term to any et a5l
tropical and subtropical regions where they arabiandance OCK in the tropics (Abebaw, 2005). Laterite saile formed
because, they are widely utilized in civil engiriegrworks In situ from the intense weather_mg of parent maler
as construction materials for roads, houses, IAnfifi whe_ther primaryor s_ed|mentary, n the tropu_:al ab-
foundations, embankment dams, etc. As a road amtigtn trqplca_l c_Ilmate environment. _Th|s Wez_;\thenng PRILE
material, they form the sub-grade of most tropicaid, and primarily involves the progressive chemical altenatof

can also be used as sub-base and base courseadsrthat primar.y .miner_als, thg release OT. iron and ?'“mi”“m
carry light traffic sesquioxides, increasing loss of silica and theesming

Manuscript Received on January 2015. dominance of new clay materials (such as smectites,
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University, Awka, Anambra State, Nigeria kaolinite)formed from dissolved materials ( Northet al,
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oxides with increasing crystallinity and dehydratias the
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soil is weathered. The three major processes ofhsgag
are the physical, chemical and biological proces3és
physical weathering is pre-dominant in the dry elies
while the extent and rate of chemical weatherintaigely
controlled by the availability of moisture and tezngture
(Abebaw, 2005). As the disintegration of underlymogks
occurs, the Primary elements are broken down by
processes of physical and chemical weathering raplsi
ionic form. The silica and bases in the weatheredenal

(Malomo, 1989). Field and laboratory studies halewsn

that residual soils consist of different zones @&athering
with differing morphological, physical, and geotaidal

characteristics; and vary for different locationsedo the
heterogeneous nature and highly variable degree
weathering (Adekoya, 1987 and Rahardjo, 2004).

tAene study of parent rock factor on the engineepraperties

of lateritic soils developed over different rodipes can
be determined by keeping other factors comsEhese

such as sodium, potassium, calcium magnesium eéc. garent materials are of importance in the earlgestaof

washed out by the percolated rain water (vadoseryvand

weathering since they supply the starting matéBalyewu

oxides and hydroxides of sesquioxides are accusullatet al, 2012). Research has shown that laterites gpoissess

thereby enriching the soil and giving the soiltitpical red
colour. This process is called laterization andepends on
the nature and extent of chemical weathering. izdgon is
a gradual process which must be active for certuriie
tropical countries, the “vadose waters” are alsa dtgher
temperature, than in the colder climates and thaytain
more carbonic acid, alkaline carbonates, organitters
etc. These elements explain why rocks that arenthdy
the “vadose waters” in the tropics are more rapaltgred
and also why laterite is much more commonly seen
tropical countries than in the colder ones. Afterathering,
dehydration occurs. Dehydration (either partiatomplete)
alters the composition and distribution of the séstjde
rich materials in a manner which is generally rexersible
over wetting (Abebaw, 2005). It leads to the foriomtof

very favourable geotechnical properties, and thisvident
in the widespread use of the materials in the cooson
industry (lkiensinma 2005). The geotechnical prépsrof
laterite are very much affected by compaction. Befasing
this soil for any construction purpose, the soils h@
undergo some stabilization process so as to awailigkd or
collapse or failure of the construction work. Uselilother
soil types, the properties of laterite vary frongiom to
region.

ihhe physical properties of residual soils, commdatpwn
as the index properties, vary from region to reglae to the
heterogeneous nature and highly variable degree
weathering controlled by regional climatic and tgraphic
conditions, and the nature of bedrock, (Nnadi, }9B&ilso
varies with the depth of the soil and can be detezth by

strongly cemented soils with a unique granular ssoilsimple laboratory tests. Studies on the effect eathering
structure. The topography and drainage of an atsa aon the physical properties of laterite soil by (Tenet al.,

influences the rate of weathering because to soteng it
determines the amount of water available for lasgion to
occur and the rate at which it moves through thathering
zone. It controls the rate at which the weatheradenal is
eroded. Deep weathering cannot occur on steepssldjés
is because the surface run-off on steep slopesétey than
the rate of infiltration thereby increasing theeraf erosion.
Hence,
(sometimes locally termeddge gravels), to a lesser extent
on uplands and not in low poorly drained areaseddia,
2008). The structure of Lateritic soil varies witte type of
parent rock from which it was formed, the locatifre.
where it was formed), and also on the weatheriraggss
that lead to its formation. Studies in some laierdoils
shows that they have a porous granular structunsisiing
of iron impregnated clayey material in minute sjptadr
aggregation (Hamilton, 1964). The aggregation @eriits
strength from the thin film found within the micjoints of
the elementary clay particles, which in additioratsothe
particles (Gidigasu, 1988). Thus the thin film fduwithin
the micro joints of the elementary clay particlesd aas
coatings over
aggregation. Viewing carefully prepared thin saugioof
laterite under the optical microscope has shown tthese
soils contain rough materials with sizes tendirapfrsilt to
fine sand spread throughout the soil with verylfirgivided
iron oxides, and a porous structure of peds or clagters
which are usually not cemented by coatings of ioaide
but rather, they are weakly bonded. The surfacktefite
soil initially exists as a gelatinous coating. Aftlsing
moisture, it becomes denser but retains its nostaline
structure after which it crystalizes slowly intoffdient

forms, which gives them strongly cemented surfag

covered by iron oxides (Sergeyev et al., 1978). T
structural development depends on the depositioiroof

lateritic gravels tend to be found on slopes

1977 and Rahardjo et al., 2004) have revealedoif®ning;

of

of

e Pore-size distribution varies with the degree of

weathering.
» Higher pore volume and larger range of pore-size
distribution indicates advancement in

weathering stage.
» Soll classification and Atterberg limits do not 8ho
any correlation to weathering.

 High specific gravity is a good indication of

advanced degree of weathering.
e Soil aggregation increases
weathering.

with

the

increasing

The Table 1 shows some of the physical properties o

laterite soil in some part of Eastern Nigeria ageaded by
Nnadi 1988.

Table 1- Physical Propertiesof Laterite Soilsin parts of
Eastern Nigeria

particles provides the strength oé t

PROPERTY ONITSHA IMO OKIGWE
AIRPORT
h HRB A-2-4 A-2-4 A-2-4
Classification
Unified System SC-SM SC-SM SC
Sand % 63 75 65
Silt % 20 13 15
Clay % 17 12 20
Liquid Limit % 33.7 44.2 32.8
Plastic Limit % 16.4 23.2 17.6
Specific Gravity 2.65 2.64 2.74
es Moisture 8 7 6
e Content %

Source: Nnadi 1988 (Eastern Nigerian Laterite $oils

oxides at different stages of the weathering proces
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Laterite soil chemistry and mineralogy is showndbydies
to greatly influence the geotechnical propertiesd an
certain circumstances, significantly affects theoreumic
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A. Propertiesof the lateritic soils
Table 2 - Index Properties of the Soil Samples.

potential in the construction industry (Ogunsani@95).

Property LAT-1 LAT-2 LAT-3 LAT-4

Studies by (Tuncer and Lohnes, 1977) also revealgdthe

Liquid limit (%) 31.5 35.6

degree of weathering is very well connected witle t

Plastic limit (%) 18.05 21.15

mineralogy of laterite, as the kaolinite contenhiigh in the

Plasticity index 13.45 14.45

early stages of weathering and decreases with aserén

Group Index

weathering; whereas the amount of sesquioxidesases.

D10 0.25 0.22

D30 0.45 0.36

The soil profile of laterite is defined as thatwhich laterite

D60 0.64 0.59

horizon exists or is capable of developing undeotdzable

Coefficient of Uniformiry 2.56 2.68

(Cu)

conditions (ikiensinma, 1998). The alteration afkdy the
processes of chemical weathering takes place Bsigedy

Coefficient of Curvature 1.00

(Cc)

through a series of events and stages which résuét

Maximum dry density 1.98

(& cm’)

profile of weathering. Lateritic gravels stand g low
humps in the terrain. They consist of gravel size

Optimum Moisture
Content (%a)

d

concretionary nodules in a matrix of silt and clagey may

In situ moisture content
(%0)

take up an area of several hectares and a thickoks

C.B.R. value (%) (24hrs
soaked)

between 1 to 5m (Jiregna, 2008).

Specific Gravity 2.65

1. SAMPLING AND TESTING METHODS

Unified soil classification SC

system(USCS)

Four lateritic soil samples designated as Lat-1;4,d at-3,
and Lat-4, respectively were obtained from borradts
Neni, Nimo, Enugwu Ukwu, and Obeledu, respectively,

American Association of A-2-4 A-2-6
State Highway and
Transportation Officials

(AASTHO)

located at Anambra Central Zone of Anambra Stat
Nigeria ( see Map of the study area as indicatedhan
Appendix 1). These soils belong to the group ofifgnous
tropical soils derived from acid igneous and metghi
rocks (Osinubi, 1998). The reddish-brown colouratgritic
soils used in this study are low-plasticity clags@ding to
the Unified Soil Classification System, USCS (ASTM
2487). The choice of these sites and sail is jestiby the
fact that it is a borrow pit from where various stmction
companies get their material for road construction
Anambra state.The natural moisture content wagméied
by the oven drying method. Specific gravity of spparticle
size distribution, plasticity characteristics wetetermined
in accordance with procedures outlined in BS 13/A00).
Hydrometer method was used to obtain values oftctag-
size (% < 0.002mm) fraction of the soil particleEhe
British Standard Light Compaction (BSL) method wasd.
The BSL compaction procedure is described in cl@udef
Part 4, BS 1377 (1990). The California Bearing &ati
(CBR) tests for the samples were carried out &fehours
of soaking.

V. RESULTSAND DISCUSSION

Table 2 above displays the index properties of shéd
samples collected from the four areas. They agtuzdive
identical values for the parameters tested. Franrdlult, it
was opined that the lateritic soils within Anamli€antral
senatorial zone were formed from the same weatierin
process. The uniformity in the climatic conditiondahow
identical the topography of the area is also sugptre
identical properties observed from the lateritese @xpects
to have the same structural and geotechnical pedoce
from the laterites for any given project.

B. Particle Size Distribution

Figure 1 is the logarithmic plot of the particleesi
distribution of the soil samples. From the grapfigdre

1, the coefficient of uniformity (Cu) of the LAT-LAT-

2, LAT-3, and LAT-4 soil samples are 2.0, 2.568.1.93
and their coefficient of curvature (Cc) are 1.1271.1.00,
1.11 respectively, as shown in table 2. AccordmdSCS,
the soils were classified as SC (Clayey Sand) sefigh
show that the samples contain both clay and sartitles.
Apart from LAT-1 which has been classified as A;2tide
rest of the soil samples were classified as A-20fss
according to ASHTO classification.

120
-1}
£ 100
[%] g
S 80 4
®
S —0—LAT-1
2 60
= = LAT-2
S 40
E LAT-3
3 == | AT-4
0 ;
0.01 0.1 1 10
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Figure 1- Particle Size Distribution of the Soil Samples
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C. Specific Gravity
The specific gravity of the soil is defined as th&o of the 15
weight of the soil to the rate of equal volume aiter. For \
LAT-1, LAT-2, LAT-3, and LAT-4, the average specifi 14
gravity of the samples computed were 2.66, 2.655,2and 13
. \\

2.67 respectively. These values are close to tHeasand
11
10 V= 23.0920x + 56,8008

are similar to the values obtained with most latesoils.
9 R? =0.9876

The range of specific gravity from 2.65 to 2.67 gests the
presence of clay or silt which actually can beafantage at
the sub-grade and sub-base levels of road conisinuct

D. Atterberg Limits

The Atterberg limits test on the samples shows that
LAT-1 has an average plasticity index of 9.18 tfeneit is
of low plasticity. The LAT-2, LAT-3, and LAT-4 sartgs 8 ' ' ' ' '
have average plasticity index of 13.45, 14.45 a@®d4 175 18 18 19 195 2
respectively, therefore the soils are of mediumstitiy. Maximum Dry Density (g/Cm?3)

The Federal Ministry of Works Standard specificatatates
that the liquid limit of sub-grade materials shontit exceed
80% and the plasticity index of sub-grade maters&isuld
not exceed 55%. This shows that the soils satibfy t
requirements for sub-grade materials.

Optimum Moisture Content %

Figure 3- Relationship of Optimum M oisture Content
with Maximum Dry Density

D. California Bearing Ratio (CBR)

21 The California bearing ratio (CBR) test results fihre
samples after 24 hours soaking are 28%, 27%, 25%b, a
22% for LAT-1, 2, 3, and 4 respectively. Since floar
samples have CBR less than 80%, they are not suifab
use as road base materials. The Federal Ministiyafks
standard specification states that the “sub-bage t§”
material shall have a minimum CBR of 20% and thab*s
base type 1" material shall have a minimum CBR @%3
after at least 24hours soaking. The test resutizistthat all
samples have CBR values greater than 20% theréfese
are suitable to be used as “sub-base type 2” mahtarroad
construction and consequently, they are also dsitals
Subgrade materials.

2 ¥= 0.0009x3 - 0.0377x> + 0.4726x + 0.0
== LAT-1

6
Rz
19=00005¢-0 ‘%
w/foa \
‘ el LAT-2
/"_\ o
16— ———y=0002cHb 1027+ 17302x -7 =S¢ —Poly.(1ATY)
RI=0

19915 ——Poly. (LAT-2)

Dry Density (g/Cm3)
N N
< o
\S

——Poly. (LAT-3)
——Poly. (LAT-4)

4 9 14 19 24
Moisture Content (%)

Figure 2- The Compaction Curvesfor the Soil Samples V. CONCLUSION AND RECOMMENDATIONS

) N ) ~ A.Conclusion
The maximum dry densities of the soil samples &irth From the result of this research work
optimum moisture contents were determined using tn:%nclusions can be drawn: ’
British Stand_ard Light compactiop method. Figureh@ws 1. According to the L)SCS (Unified Soil Classification
the compactlon curves for the soil Samples teﬁm the System), the lateritic soils in Anambra centraleon
curves, it was observed that the maX|mur3n dry dmsgf of Anambra state, Nigeria are classified in group
the samples LAT-1, 2, 3, and 4 d®6g/Cm°, 1.77g/Cm°, SC (Clayey sand). Based on the USCS
1.98 g/Cm°, and 1.91 g/Cm?® respectively. Their optimum '

the follogvin

moisture contents aré0.2%, 14.6%, 9.5%, and 10.8%
respectively. From the result shown, LAT-3 has Hest
compaction quality being that it achieved the hgihe
maximum dry unit weight at the same compaction reffo
Besides, LAT-1, 3, and 4 have very similar compgacti
characteristics. Looking at the values of their MBnd
OMC'’s, one can observe a very close relationshipT 2
has an evidently lesser MDD. From the curves, iswa
observed, as well, that the optimum moisture cdaten
decreased with increase in dry densities. This esgreith
Proctor (1933),Venkatramaiah (2006), Rowe (20003 an
other concluded research works. This fact is itatsd in
Figure 3 which is the curve of optimum moisture teoits
against maximum dry densities of the soils. Usihg t
Microsoft excel software, the linear model obtairfedthe
curve isY = -23.93X+56.84 with anR? value 0f0.987 which
shows that the linear model for the curve is diatiBy
significant. The negative slope further illustrathat as the
MDD increases, the OMC actually decreases.

classification, these soils can be used as subegrad
and sub-base materials but are not suitable fag bas
course of roads. They are also classified as ailty
clayey gravel and sand according to AASHTO
(American Association of State Highway and
Transportation Officials) classification.

2. The materials satisfy the requirements for “subebas
type 2" and sub-grade as stated by the Federal
Ministry of Works standard specification for roads
and bridges (FMW 1997).

3. It can also be concluded that these soils can be
stabilized by compaction and they will  yield
maximum strength if they are compacted on the dry
side of their optimum moisture content.

B. RECOMMENDATIONS

It is recommended, therefore, that;

1. The strength of these materials can be improved to
meet the requirements for “sub-base type 1" as
required in the above mentioned specification. This

Published By:
Blue Eyes Intelligence Engineerin
& Sciences Publication Pwt. Ltd.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Journal of Soft Computing and Engineering (1JSCE)
I SSN: 2231-2307, Volume-4 | ssue-6, January 2015

can be achieved by applying soil stabilizatiorEngr. Dr. Aginam, Chukwurah Henry is an Associate Professor with

; i ; epartment of Civil Engineerig, Nnamdi Azikiwe Ueisity, Awka. He
teChmques such as addition of cement, lime, ﬂy a#olds Bachelor of Engineering Degree (B. Eng.) frauniversity of

or improving the grading of the material bynigeria, Nsukka, M. Sc (Structures) from Universifylagos, Akoka, and
addition of certain particle sizes that will impeVv Doctor of Philosophy (Ph.D.) in structural Engiriegrfrom the University

the mechanical stability of the soil. of Nigeria Nsukka. Chukwurah has the following esdional
2. The recommendation 1 should be subject to furthgpaiification: MNSE, C.S. Eng., MNIStuct.E, RECOREN

StUdie_S to note th.e perqentages of t.he Stab”izatiCR/Ir. Nwakaire, Chidozie is an academic Staff of Department ofilCiv
techniques that will achieve the desired as well ashgineering, Nnamdi Azikiwe University, Awka. He Itis Bachelor of

the optimum of each geotechnical characteristigEngineering Degree (B. Eng.) from Nnamdi Azikiweiunsity, Awka. He
under consideration is currently doing a Masters Degree with Imperiall€e of London.
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APPENDIX- MAP OF STUDY AREA
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