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Abstract: The results of laboratory investigations on timfluence of Steel Mill Scale on the strength
characteristics of tropical black cotton clay saite presented. Tropical Black Cotton clay soilseamixed with
Steel Mill Scale at 0%, 5%, 10%, 15%, 20% and 3QéeISMill Scale content (by dry weight of soil) énder to
establish the soil stabilizing potentials. Steell I8cale increased the Maximum Dry Density, MDD tloé soil

by about 19% and reduced the Optimum Moisture Gun@MC, by about 28%. Soaked CBR increased with
increase in Steel Mill Scale while Un-Soaked CBRrdased with increase in Steel Mill Scale contSngel
Mill scale increased the Un-soaked CBR by about B9 reduced the Soaked CBR by about 75%. Swelling
potential reduced by about 60% with the additiorsteel Mill Scale. Steel Mill Scale increased timeanfined
compressive strength of black cotton soils by alb®@% at 5% Steel Mill Scale content. The resulticate that
there is a potential in the use of Steel Mill Sdalstrengthen Black cotton soils.

Keywords. Expansive soils, Black cotton clay soil, Steel Mittale, Strength Characteristics

1. Introduction

Black Cotton Soils (BCS) are dark colored expanslags found between 50° N and 45° S of the equiajor
areas of occurrence include Eastern Australiaalm8@udan, Cameroon, Ghana, Ethiopia, Kenya, and.@@S
are also found in USA (Southern Texas, CaliforMantana, Hawaii, and Mississippi): South Americaeftito,
Uruguay and East Argentina): Eastern China, Russid Ukraine. Black cotton soils (BCS) are found
predominantly in the North-Eastern part of Nigehiang within the Chad Basin and partly within tBenue
trough (Ola, 1981; NIBBRI, 1983; Osinubi et al, 200

Black Cotton Soils have been identified as verybpgmatic engineering soils for structural foundasicand
earthworks (ASCE 2012; Sabat 2012; Osinubi 200@yhen dry, BCS appear very hard with high bearing
capacity to sustain imposed loads from buildingnfitations and road pavements. But when wet, BCSrlbso
large volumes of water, rapidly

swell, soften and loosen their high bearing capatliereby leading to excessive settlement, diffeéaén
settlement, failure of building structures, roadsgraents and destruction of structures built on th&hese
geotechnical characteristics make BCS highly probkic as foundation for buildings and road pavemsent
Various efforts are being made to stabilize Blaokan soils with cement, lime, admixtures and wastaucts
to make the soils meet the requirements for coostnu works (Ali and Korranne 2011; Osinubi 200920
1983; Balogun 1991a, b). However, these have aeHiémited success. Cement has been useful inligtagi
expansive clays but is expensive and requires fargggn exchange which is scarce in developing tries In
addition, there is a tendency for the formationctdcks in the soil-cement mixture. Hence researtize®
focused on potentially cost effective materialsmadures and waste products like fly ash, rice hask and
marble dust that can improve the properties oflbtaatton soil, (Osinubi 2006; Sabat 2012; Sabat ldanda
2011; Patil et al 2011).

Steel Mill Scale is a metal industry waste whiclpisduced in large tons. It is mainly iron oxiderfed in the
surface of steel during casting, hot rolling anteting of steel. Mill scale poses grave disposablems;
therefore the dumping of mill scale in landfills ynereate serious environmental issues. Murthy (20&2orted
that mill scale increases the CBR and permealufiylack cotton soil while lowering the plasticityyt did not
investigate the effect on other strength properfig®e Steel Mill Scale contains oxides of Aluminiamnd Iron
which can be available for cation exchange witly gails. The possible use of Steel Mill Scale wéitluce the
importation of cement and associated foreign exghadifficulties. The use of Steel Mill Scale in Isoi
stabilization is therefore of much economic andiemmental benefit. The Steel Mill Scale was grotinttd
powder and mixed with black cotton soil in varigusportions.
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11 Location and Geology of the study area

Disturbed soil samples used for this investigatiere collected along the Dikwa-Gamboru Road, Bd3tate,
North-East Nigeria. It is part of the area extealicovered by the Black Cotton Soil of North-Eastiligeria.
The study area falls within the Chad Basin whiclpast of the lacustrine and fluviatile clays andds of the
Pleistocene age laid down during the late Tertamg Quaternary periods (Ola 1983). Black CottorisSarie
expansive clay soils.

2. Materialsand Methods

2.1 Tropical Black Cotton Clay Soil

Tropical black cotton clay soils were collectedrjadhe Dikwa-Gamboru Rd, Borno State, Nigeria. Shis
used in the study are dark grey clay soils classifas A-7-6 in the AASHTO Soil Classification Syste
(AASHTO 1986) and CL in the United Soil Classificat System (ASTM 1992)

2.2 Steel Mill Scale (SMS)

The steel mill scale used in this investigation wasrced from a major steel rolling mill in Ikejaed of Lagos
State, Nigeria. The chemical analysis was doné&tGhemistry Department, University of Lagos. Cheahi
composition is shown on Tables 1 and 2.

2.3 Methodology

Tests involving moisture-density relationship, CBRd Unconfined compression were carried out using a
dried samples ground into powder. The samples wWere mixed with Steel mill scale in various projpmms
before each test.

2.4 Soil Index Properties

Fresh soil samples collected and tested within 8thwere used in order to prevent alteration efpfoperties
of the residual soil. All the samples were air-drier 1-day before testing in order to simulatédfieonditions as
suggested by Peck (1971). X-ray diffraction (XRDyakysis was carried out on the soil samples tothé
identification of the clay mineral present. Thegominant clay mineral present in the soil samplas f@und to
be montmorillonite. The results are in agreemeti Wiose obtained by Ola (1983) and Osinubi (2066}0ils
from the study area. A summary of the oxide andaitietcomposition of the clay soil and Steel Milt&e
(SMS) is presented in Tables 1 and 2. A summatii®&oil index properties is presented in Table 3.
Laboratory tests were performed on the samplexdordance with British Standard, BS 1377 (1990)tfar
natural soil and BS 1924 (1990) for the treated. SBalifornia Bearing ratio (CBR) tests were dome i
accordance with the Nigerian General Specificatid@®97) which stipulates that specimens are touvedcin
the dry for 6 days and then soaked for 24 hoursrbetsting. The soil was characterized and clagsify the
following tests: Atterberg limits, compaction, Gatnia bearing ratio (CBR) and unconfined compies
strength (UCS).

2.5 Compaction Tests

Tests involving the compaction tests and strenggitstof CBR and Unconfined compressive strengthe wer
carried out using the West African Standard (WASrgy levels. If the BS (Proctor) compaction mosldsed,
the compactive effort for the WAS consists of tiergy derived from a 4.5kg rammer falling throuddceh
onto five layers, each receiving 10 blows. When @R mould is used, the WAS compactive effort isoal
derived from a 4.5kg receiving 25 blows (Osinulb®88, b). WAS compaction is commonly used in WesicAf
region.

2.6 California Bearing Ratio (CBR) Tests

Two tests of CBR tests were conducted on eactsanible, one at the Optimum Moisture content, comepiao
the Maximum Dry Density (as per the West Africaartard of Compaction) and the other test on a aiyil
compacted under soaked conditions. A four-day sgpReriod was adopted. During soaking of the santhé&e
amount of swelling was also measured. The testrepsated using the Standard Proctor Compactiothor
natural soil.

However, Nigeria Building and Road Research Init(NIBRI 1983) reported that from observations on
subgrade data collected from old roads, subgradéstme tends to attain equilibrium conditions after
undergoing significant changes with seasonal viariatfrom year to year. After these equilibrium ditions are
attained, the subgrade moisture does not undergaignificant change. Hence, the practice of saglor 4-
days before determining the CBR value may only jpgr@priate only in a few cases where the groundemwat
table is high or areas with high rainfall and otlseil drainage conditions. These areas may wadeatdys
soaking of sample.

53



Civil and Environmental Research www.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) by
Vol.3, No.12, 2013 ISE
2.7 Admixture Stabilization Mechanism

Stabilization mechanisms usually depend on the adsmeaction between the admixture and soil pegiend
compaction. Test results of the oxide compositibthe steel mill scale show a high percentage afr#ihium
Oxide (21.2%). Hence, the mechanism of stabilirag@pected is a cation exchange reaction betweegdih
particles and the Aluminium Oxide.

3. Results and Discussion

3.1 Mineral Composition

The result of the chemical analysis is presentethisies 1 and 2. The main oxides present in tHesaniple are
Silicon Oxide ($0,) and Aluminium Oxide (AIOs). The main oxide present in the Ground Polyvinyaté is
Calcium Oxide; hence the mechanism of stabilizatidlhbe similar to that of lime which depends oraion
exchange with Calcium Oxide. The main metals presethe soil sample are Copper, Manganese and lron
Table 2.

3.2 Mineralogical Characterization of Soil samples

The mineralogical characterization was carriedbyuk-ray diffraction techniques. The XRD spectrisrshown

in Fig.1. Seven (7) peaks were identified in theDX§pectrum. The main minerals found are identifiredable

3 below with corresponding International Centre fiffraction Data (ICDD), Joint Committee on Power
Diffraction Standards (JCPDS) Card No:

3.3 Index Property of Soils

The Index properties of the soil sample are sunsedriin Table 4. Classification test indicates ttet
underlying soil lies above the A-line (Fig.2) andncbe classified as A-7-6 soil under the AASHTOI Soi
Classification System (1986) or CH in the Unitedl Stassification System. The soil is clayey.

3.4 Effect of Steel Mill Scale on the Compactiora@itteristics

The effect of steel mill scale content on the maximdry density (MDD) and the optimum moisture comte
(OMC) of the soil for the West Africa Standard capve efforts, WAS, are shown in Fig.3. The MDDtloé
stabilized soil increased with increase in stedl saiale content, Fig.4, while the OMC decreaseith Wicrease
in steel mill scale content, Fig.5. The resultsvghiat steel mill scale increased the compactiahstrength of
the BCS while reducing the optimum moisture cont&MIC. This trend is opposite that obtained with &ffect

of lime on clayey soils. Lime usually reduces th®M and increases the OMC of clayey soils at a given
compactive effort, Osinubi (2006). The result ma&ydue to the presence of high quantity of Aluminioxide
and low Calcium oxide in the Steel Mill Scale, T@ldl. The steel mill scale increased the MDD of sb#é
samples by about 19%. The MDD obtained at 10% stdkekcale content and above is within the ranf& %20

to 1920kg/m3 which is considered satisfactory toedient. The OMC of the natural soil was reducedabgut
28%.

3.5 Effect on the Strength Characteristics

3.5.1 Effect on California Bearing Ratio

The CBR test was carried out using the resulthefWest African Standard (WAS) compaction tesshibuld
be noted that the Soaked CBR of the natural sp&aphigher than other expansive clays, two sicgnifi factors
greatly affect CBR values. These are the densityhizh the soil is compacted and the moisture aarié the
sample at the time of testing (NIBRI 1993). The staie content is also affected by the amount ofewat
contained in the natural soil samples. Naturallbtzatton soil of CBR value of 11% using the WAS qattion
has been reported (Osinubi 2006).

The test results shown in Figs.6 and 7 indicatettiere is appreciable increase in strength wighatidition of
steel mill scale to stabilize the tropical blackton clay soil. Fig.6 shows that the Unsoaked CBhe natural
soil increased with increase in steel mill scalatent. Fig.7 shows that the Soaked CBR of the ahuwil
reduced with the addition of steel mill scale. Bwaked CBR initially decreased from 24% to about&2%%
steel mill scale content, further increase in stedl scale content led to a gradual increase aked CBR. The
Soaked CBR increased with increase in steel mittext up to a value of 6% at a steel mill scaleteanof
30%, with no tendency to come down. The Un-soakB&R Ghcreased by about 16% while the Soaked CBR
decreased by about 75%. The soaked CBR at 30%sdHliv the minimum CBR requirement of 40% for sub-
base. The Soaked CBR of the natural soil was greatluced by the steel mill scale thereby indigatin
significant disintegration of the stabilized mix@un the presence of water. However, based onethdts, there
is evidence that the Un-soaked CBR increased Withatldition of steel mill scale. Therefore, if théxture is
protected from water, the CBR will be within thejugement. The swelling potential decreased witlidase in
steel mill scale content. The swelling potentialueed by about 60% with the addition of steel stkle, Fig.8.
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3.5.2  Effect on the Unconfined Compressive Strength

The variation of UCS with Steel Mill Scale contdot the stabilized soil mixture is shown in Fig.9The
variation of the Cohesion with Steel Mill Scale temt for the stabilized soil mixture is shown irgHi0. The
Unconfined compressive strength of the Black costoihincreased from 31.8% to 48.6% at 5% Steel Siihle
content. Further addition of Steel Mill Scale ab&% led to a decrease in the unconfined compressieagth.
The reduction in the unconfined compressive sttemgay be attributed to non-alignment of the filparticle
interface with the matrix of the soil particlestbiey creating a line of weakness and subsequesibliostrength.
This is also reflected in the loss of cohesionraticated in Fig. 10. Composite strength and tougbrere
strongly affected by particle/matrix adhesion asrgith depends on effective stress transfer betfitienand
matrix while toughness/brittleness is controlledaofesion

(Fu et al, 2008). The better the mixing, the betterdispersion and diffusion and consequentlysthabilization
process (Locat et al, 1990).
4. Conclusion
From the results of the investigations conducted following conclusions can be made:
i. Steel Mill Scale (SMS) increased the MDD of blacitton soils by about 19%. The increase is within

the range of 1720 to 1920kg/m3 which is consideaisfactory to excellent.
ii. Steel Mill Scale reduced the OMC of black cottoiissoy about 28%.

iii. The strength characteristics of the soil-steel sifile mixtures improved as the swelling potentias
reduced by about 60%. Steel mill scale also ine@adke Un-soaked CBR of black cotton soils by
about 16%. The increase in strength shows a patdatifuture usage. The addition of steel milllsca
reduced the Soaked CBR of black cotton soils byiaB6%.

iv. Steel Mill Scale increased the unconfined compwessirength of black cotton soils by about 53% at
5% Steel Mill Scale content.

v. Suggested future works include investigating ttiluémce of lime on Steel mill scale-soil mixture.
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Table 1. Oxide Composition of Samples

Mineral (%) Soil sample Steel Mill Scale
SO, 39.61 62.5
Al,O; 30.87 21.20
Fe0; 0.43 4.30
CaO 0.39 0.20
MgO 0.36 0.14
N&aO 0.09 0.15
K,0 0.52 0.52
SO, 0.13 0.12
Table 2: Metallic Composition of Samples (mg/kg)

Mineral (%) Soil sample Steel Mill Scale
Cadmium Not detected Not Detected
Copper 0.00000313 0.00000248
Manganese 0.00000135 0.00000496
Nickel, NI 0.00000004 Not detected
Lead, Pb Not detected 0.00000004
Iron, Fe 0.00000234 0.0002644
Zinc, Zn 0.0000007 0.00000045
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Table 3: Mineralogical Characterization of Soil samples
Peak 2 Corresponding to JCPDS (h, k, 1) Structure Colour
Card No
Peak 1 24.03 Hydrogen Aluminium 42-0024 52,0 Monoclinic Not given
Silicate
Peak 2 26.64 Aluminium Oxide 46-1131 0,1,5 Tedred Not given
Peak 4 31.61 Silicon Oxide 40-1498 3,2,1 Tetratjon | Not given
Peak 5 32.85 Hydrogen Aluminium 42-0024 3,6,2 Monoclinic Not given
Silicate
Peak 6 64.74 Silicon Oxide 40-1498 0,5, 17 Tetnagjo | Not given
Peak 7 66.02 Aluminium Silicate 11-0046 -5,1,1 iclimic Blue
Other minerals present are Calcium Silicate Hydfexiron oxide
Table 4: Index properties of Natural soil sample
Property Soil sample Soil sample
(Standard Proctor) (West Africa Standard)
Liquid limit, % 66.0 66.0
Plastic limit, % 24.5 24.5
Plasticity Index, % 41.5 41.5
Shrinkage limit, % 9.4 9.4
Free Swell, % 70 70
Optimum moisture content, % 20.45 20.48
Maximum Dry Density, MDD (Mg/r) 1.484 1.639
Unsoaked CBR (%) 24 31
Soaked CBR (%) 15 24
UCs 32.7 32.7
Swell potential High High
Free Swell High High
Compressibility High High
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Fig.1: XRD Spectrum for Soil sample
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Fig.2: Plasticity Chart for soil classification
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world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar
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