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ABSTRACT

Clay is a raw material that has many uses across the different industries around the world. The
principal use of clay in some part of Nigeria are: pots making, ornamental decoration and ceramics
etc. The study examine engineering properties of sawdust modified clay soil and to determine
thegeotechnical properties of these materials be established to define the suitability of sawdust
modified clay soil for engineeringpurposes. Test such as: porosity, permeability, atterberg limit, cold
compressive strength, impact strength, unconfined compressive strength and absorption test. The
clay samples were collected from Ondo state, Niger state, Ekiti state and Lagosstate respectively in
Nigeria. It was cleaned, soaked, dried, crushed and sieved then moulded to some definite shapes
such as cylindrical and rectangular shape depending on the type of test carried out on the various
clay samples. 0%, 45%, 50% and 60%per centages of sawdust were varied with the clay sample and
moulded.. Results obtained shows that natural water content are fairly okay which varied
between2.34% and 3.5% . The atterbag limit classified soil as MH, ML,CL and ML for for all the
location respectively according [21]. The permeability test shows that all the sample are within the
range of semi pervious clay material according to USBR specification. The effect of sawdust on the
clay materials as shown in figure 1,2 and 3 shows that the modified clay has a lower strength, a
higher water absorption and a higher porosity as the sawdust content in the clay sample increases
and vice versa, this is due to effect of pores created by sawdust. Results obtained show that Lagos
has the highest water retention potential compare to other locationand has the lowest rate of water
absorption, highest resistance to shattering which make the sample the strongest in term of
compressive strength and also very suitable as afilter media for industrial application.
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INTRODUCTION
Clay is a soil separate with a particle diamete2@]. Apart from petroleum, gas and coal resouyrtes
exploration, mining and exploitation of Nigeria raial resources have not received sufficient atiehti
Delving into geological survey of Nigeria soil, ias reported that clay as one of the major Nigeria
minerals deposits cover an estimated proven resavi/dillions of tones, and these days mineral are
discovered all over the states in the coufitry
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Clay a fine textured earth that is plastic when lwgthard and compact when dry or a term usedfén re
to the finest grain particles in a sediment, smilrock?. Clay is a very fine grained, unconsolidated rock
matter, which is plastic when wet, but becomes lzad stony when heated. It has its origin in natura
processes, mostly complex weathering, transpontetl deposited by sedimentation within geological
periods. Clay is composed of silica (9i0Alumina (ALOs;) and water (HO) plus appreciable
concentration of oxides of iron, alkali and alkaliearth, and contains groups of crystalline substn
known as clay minerals such as quartz, feldspar rai@f. Clay minerals are the most important
industrial minerals. Millions often are utilizedamy in various applications. These applicationdiude
uses in geology, the process industries, agri@iltenvironmental remediation and constructiofhe
reason for utilization of certain clay minerals dpecific application is that the physical and cleahi
properties of a particularclay mineral are depehdenits structure and composition. The structurd a
composition of kaolins, smectites,and palygorskitd sepiolite are very different even though theghe
have octahedral and tetrahedral sheets as thdt ba#ding blocks. However, the arrangement and
composition of these octahedral and tetrahedradtsh&ccount for major and minor differences in the
physical and chemical properties of kaolin, smestind palygorsKit Clays have received considerable
attention especially as potential adsorbents fofirenmental research. Many researchers around the
world, have beamed their search lights on the pHaselopments that occurred by sintering clay & th
presence of some oxidéd® Deposits of clay raw material are widely disttémliin Nigerig®'-*+718.19

In order to determine the profitability of utiliggrclay from a particular deposit for any applicatid is of
paramount importance to examine the microstructuralrphology, determine the mineralogical
composition and analyse the various available ghéisesuch clay deposit. Nigeria has appreciable
distribution of industries engage in metal and pescindustries hence the need for raw materials to
support their growth. Clay products such as ceramvares, bricks, and roofing and floor tiles areagier
and durable building materials than cement espgciaider tropical conditiod A lot of project
research has been carried out about the convestays for industrial uses. The percentage ofarals
oxide (FeOs, MgO, CaO, NgD.) in the clay ultimately determines the areapgl@ation of the clay such
as in bricks, floor, tiles, paper, while the qugntf the alkali metal oxides (M@, K,O, CaO) indicates
their suitability for making ceramic product andher refractory materiaglsThe present economic state
imposes the need for internal sourcing of raw nigleto meet up increasing demahdghe objective of
this study is to investigate theengineering propsmf sawdust modified clay soil.

MATERIAL AND METHOD
The clay soil used in this investigation were kel from the following four state in
Nigeria.(EKkiti:ljero,Lagos,Ondo:Akure and Niger:Mia) with the use of Digger and shovel and polytene
bag and was transported to the federal polytecAd Ekiti Civil Engineering Geotechnic Laboratory
for analysis.
EXPERIMENTAL PROCEDURE
NATURAL MOISTURE CONTENT
About 20 grams of the wet soil was put into alumindrying container whose weight is known. The
weight of the soil plus the container was then mieiteed. The container was placed in a drying ovéh w
its lid removed and placed under it. The soil weentdried in the oven for a period of 18 hours at a
temperature of 100.
COLOUR
The clay soils color were determined by visual éitfpn method
ATTERBERG LIMITS TEST
This is performed to determine the plastic limitYRnd liquid limit (LL) of the clay soifs The Atterberg
limits are a basic measure of the critical wataertents of a fine-grained soil, such as its shriekkgit,
plastic limit, and liquid limit. As a dry, clayey# takes on increasing amounts of water, it undesg
dramatic and distinct changes in behaviour andistamy. (Wikipedia).
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LIQUID LIMIT
200g oven dried sample of the soil passing them@bsieve was mixed with water on a glass plate in

order to property saturate it and was covered lfout24 hours. At the end of the period, the samgle
properly remixed using spatulas. The cone penetemeas properly adjusted in position in readirfess
the test. The sample cup was filled with the migadchple and the initial reading was observed. It was
allowed to penetrate into the sample for five seélsoand the final reading was equally noted. Some
guantity of soil was then taken from the cup forishore content determination. The soil in the cuigsw
returned to the glass plate. The water contentmiétation. The sail in the cup was returned todless
plate. The water content was slightly increasedthadsoil was properly re-mixed, the cup was prigper
cleaned. The whole process was repeated five times.

PLASTIC LIMIT (PL)

This is the moisture content limit after which sl transforms into a malleable, plastic massnttbe
same soil sample, threads of about 3mm diameter algained by kneading and rolling and the moisture
content determined.

LINEAR SHRINKAGE
Linear shrinkage (LS) is defined as the changesingth divided by the initial length when the waiter
reduced to the shrinkage linit.it is expressedeasgntage ,and reported to the nearest whole number

Thus LS =Initial length-final lgth X 100
Initial length

The linear shrinkage can be determined in a laborgiS:270-XX).A soil about 150 gm in mass and
passing through a 425 q sieve is taken in a dishmixed with distilled water to form a smoothgte at

a water content greater than the liquid limit. ®anple is placed in a brass mould, 140 mm long and
with a semi-circular section of 25 mm diameter. Bheple is allowed to dry slowly first and theraim
oven. The sample is cooled and its final length suezd. The linear shrinkage is calculated using the
following equation.

LS=1- length of oven-dry sample X 100
Initial lenth of specimen

FALLING HEAD PERMEABILITY TEST

2.3allog (hq1)

For falling (variable) head permeability test: K = At ()

Where, k= Coefficient of permeability aP@(cm/sec),n Q= Quantity of water collectach®) in time t (second), L= Length of
soil specimen (cm), H= Constant hydraulic head (&%) Cross-Sectional area of stand pipm¢), a= Cross-Sectional area of
the soil specimencin?), t = (t;t,) Time interval (sec.) for the head to fall frdm to h,, H, = Initial head of water at timg in
the pipe above the outlet (cnHf; =Final head of water at tintg in the pipe above the outlet (cm)

WATER ABSORPTION

The test was carried out using the flat bar sampldsoth pure and blended clay. The bars were first
weighed using an electronic weighing balance, sbakea bowl of water for 24 hours(ASTM C373 -
14a). Each was then removed from water, allowedfifp and the remaining was gently wiped to ensure
that no water was attached to the surface and esasighed again. The difference in weight was then
used in computing the percentage water absorppiplyiag the formula below:

. kedweight—d ight
% Water Absorption =— V;ifweig;g e X 100% ...
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IMPACT TEST
Procedure: The fired sample was weighed using mltEdance, and then allowed to drop from a height
of about 1m. The shattered pieces are then pickeaind the largest piece is weighed to determine the
shattered (final) weight. YWr y 100%

Wi
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Impact =

W, = initial weight ,W = final weightds

COMPRESSIVE STRENGTH
The clay samples were placed in a sample mouldramined with Paul Weber hydraulic press of
capacity 350 KN. The rammed samples which measti@d 9.8 x 9.8 cm each and cubical in shape
were then removed from the mould and fired to 15200 hey were allowed to cool in air before the test
was carried out on axtest Seidner mechanical strength-testing macfihe.actual cold compression

strength CCS was calculated using Eq. (4) (Ryan 1978FRCS

Area(nf).

POROSITY
A known volume (VK) of a measuring cylinder was gptas VK and another new volume (Vn) was
determined by inserting the prepared clay samglke time cylinder as VN ,the set up was then left for
about three hours. Then thefinal volume was detexthas VF. POROSITY=(VK-VF)/VK*100

RESULTS AND ANALYSIS
Table 1. Showing the properties of the natural sta of soil samples without modification with saw dst

Crushing Force (KN)/Surface

Locations Colours of | Natural Atterbag Limits Permeability Impact | Compressive USCS
Clay Samples Moisture | LL% | PL% | PI% | LS% (K) m/sec | test (%) strength classification
Content (mpa)
Ekiti Burnt umber 2.34 58.5| 41.2] 17.3 29 2.05*10 0.39 135 MH
brown
Lagos Rust brown 3.5 54 441 99 33 2.002*10 0.33 14.5 ML
Niger Ecro brown 2.59 42.5 28.% 14 21 2.057*10 0.42 6.5 CL
Ondo Sandy brown 3.0 64 41 22.8 28 1.86*10 0.56 4.4 MH
Table 2. Showing the properties of the modified chasoil saw dust
Location/ % Ekiti State Lagos State Niger State Ondo State
of Mix Contr | 40/ | 50/ | 55/ | Control | 40/ | 50/ | 55/ | Control | 40/ | 50/ 55/ | Control | 40/ | 50/ | 55/
ol 60 | 50 | 45 60 | 50 | 45 60 | 50 45 60 | 50 45
Porosity % 4.0 52| 47 4( 15 20 19 17 6.0 5.8.4 4.9 10 11.4 109 10.3
Water
Absoption 35 98 75 55 15 58 45 36 22.4 61 62 54 41 08 74 6C
%
Compressive
Strength 14.12| 8.21) 4.17 6.65 1466 3.99 549 7|49 14/50 3 B3.260| 11.12] 12.26| 2.19 485 6.53
(mpa)
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COMPRESSIVE STRENGTH

EEKITI @mLAGOS @MIGER [ ONDO

15
1a
5
il
T 2 3 4
Figure 1,0 showing the result of compressive strength
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figure 3.0 showing porosity against mix design for all location
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SOIL CLASSIFICATION

The Clay soils are classified as MH, ML, CL and Nt all the location respectively according to igrif
soil classification system (USCS)

COLOR

Tablelshows variouscolor that wasidentified: Burmtber brown, Rust brown, Ecro brown and sandy
brown for Ekiti Lagos, Niger and Ondo state respety.

NATURAL MOISTURE CONTENT

Table 1 shows the moisture content of the clayait natural which varied between 2.34 and 3.5% wit
Lagos clay soil showing maximum moisture and higkésntion potential.

PERMEABILITY

The coefficient of permeability (k) testfor the uodified clay soil Performed on the clay samplesedar
between 1.86*16and 2.1*1d

IMPACT TEST

Table 1 shows the impact test performed varied detwd.39 and 0.56% for the unmodified clay soil
COMPRESSIVE STRENGTH

Table 1,Table2 and Figure 1 show the result ofhgtie which varied between 4.4 and 14.5Mpa forthe
unmodified clay soil while the modified clay sampkeried between 2.19 and 14.66Mpa respectively for
all the location.

WATER ABSORPTION

Table 2 and Figure 2 show the results of water mtiem which varied between 15 and 41% forthe
unmodified clay soil while the modified clay sampbried between 36% and 98% respectively for &l th
location.

POROSITY

Table 2 and Figure 3 show the results of poroshictvvaried between 1.5 and 10% forthe unmodified
clay soil while the modified clay sample variedveetn 1.7% and 11.6% respectively for all the larati

CONCLUSION
The natural moisture content from the result oletdim all the location shown that all are withamge
except Lagos that is fairly high which may bee to soil potential of retaining water. Tesult of
atterberg limits test performed show that the niaterre classified as clayey soil under groupofMH,
ML, CL and MH for all the location respectively acding to unified soil classification system
(USCS).The permeability test performed on the méhtstate of the clay soils shows that all sampée ar
within the group range of semi pervious materialoading to USBR specification that any Kbetween
107°% to 10~* cm/sec is classified as semi pervious. Impactdestiucted shows that Lagos and Ekiti
reveal a higher resistance to shattering effedt d=op a height while Niger and Ondo reveal a vezak
resistance effect of fall from a height. Compresstrength test performed on both the modified thed
unmodified reveal that at 0% the strength was bdtte all the location while at the addition of the
sawdust in accordance with the design mix for stisly, the strength begin to decline as the peagent
of the sawdust increases in the clay. However Latpsgave the highest strength which justifiedadts
water absorption potential. Water absorption testgpmed shows that sawdust has a negative impact o
water absorption potential ability of the clay sdihe result reveal that as the percentage ofdhelgst
increases the rate of absorption increases and wécga. Porosity test reveal similar effect on the
modified clay soil which mean that as the sawdoatent increases the porosity also increases
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