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Abstract

A study was conducted to investigate the potemtiatorn husk ash as an enhancer for the producticsoil
blocks for low cost housing. Five different levelsstabilisation (0%, 5%, 10%, 15% and 20%) usioghchusk
ash were adopted for this study. Fifteen blocksewmpulded for each stabilisation level. In all tat@f 75
blocks were moulded and subjected to the compresstiength, abrasion resistance and water absorptio
capillarity tests after curing for 28 days and cangg with the relevant standards of compressiven ddocks.

In general, there was a significant improvemerthan compressive strength characteristics of thalstad soil
blocks. From the compressive strength test resualbgnpressive strengths of 4.177MPa, 4.380MPa and
4.053MPa were obtained for blocks admixed with @4 and 10% corn husk ash respectively. Soil blocks
mixed with 20% corn husk ash had the highest cossre strength of 5.311MPa followed by blocks whietd
15% corn husk ash addition also with a compresstinength of 4.917MPa. The water exclusion and brasion
resistance properties also showed significant ingmeent as the quantity of corn husk ash increddesre was

a significantly strong negative correlation of i7&xisted between the abrasion coefficients andwtheer
absorption coefficients of the soil blocks. Statiilg of soil with corn husk ash can improve thegemties of soil
and soil blocks making the suitable for use asiling material for the construction of load bearimalls.

Keywords: Corn husk ash, Soil stabilised brick, Abrasion sesice, Water absorption by capillarity,
Compressive strength

1. Introduction

Housing over the years has been regarded as dhe afost important needs of man and as such tharefor

it is always on the increase. This increasing dehfan housing has been a major problem facing guvents
in most developing countries around the globe. @lsahousing deficit stood at about 300,000 and asw
estimated that about 1.2 million new housing umitye needed by the year 2005. This indicates that o
133,000 new housing units are expected to be delivannually to meet the target. However, only @8,0nits
were produced leaving an unsatisfied annual dens&rdd8,000 units. As a result, shift dwelling urétsch as
kiosks, tents, cargo containers, served as homes.986 of the population, besides the 3% who amadiess
(Mahama & Antwi 2006; GSS 2012). A current studytlé affordable housing initiated by governmentsrov
the years in Ghana have had marginal impact aethéncome earners who form the majority of the plagion
lack the financial muscle to have access to sontkese decent and affordable housing facilities.

As evident in most developing countries, it is astimpossible to fulfil the immense requirements shelter
neither with conventional construction techniquesy with conventional building materials i.e. coster,
aluminium and steel which are noted for their higtergy consumption during production and associated
negative environmental impacts (Minke 2006). In @hamost buildings are constructed with cementKkspc
burnt-clay blocks, timber, and concrete which cooédafforded by relatively few due to their highstoAs a
way of ensuring a sustainable environment and iefficuse of resources, there has been the promofion
building materials from locally available naturahda renewable materials. One of these options is the
replacement of cement blocks and blocks with sloitks. Soil has been one of the major building malin
Ghana since pre-colonial days and is readily abkslaith low procurement cost.

The main drawbacks of using soil block as a bugdimaterial is the need for continuous maintenanmetd its
low durability and poor resistance to water (AdamAgip 2001). Soil blocks have also been found tfiesu
from shrinkage cracking and most importantly lowesgth making them unsuitable for homes of more tha
two-storeys high. This has led to the stabilizatidrsoil blocks with cement, lime, bitumen so asnprove its
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properties (Kamang 1998) even though most of thesglisers are costly and unsustainable.

Stabilization of soil is the process of modifyirfgetsoil properties in relation to its strength,ttes, voids and
water resisting properties, so as to obtain permameperties compatible with a particular appimat Rigassi
(1985) reiterated that, stabilizing soil leadsrteversible change in the physical properties dfdgpending on
the quality of building design, materials employedpnomic aspects of the project, or on issuesuadlility.
The use and adoption of the right stabilisationhodtcan improve the compressive strength of abgoéls much
as 400% to 500%with other supplementary characteristics such ase@ased cohesion, reduced permeability,
improved water repellent, increased durability amdimal shrinkage and expansion of soil during dmng wet
conditions (Adam & Agip 2001).

Corn is the largest staple crop as it account$@80% of total cereals produced in Ghanauttently has
an annual production of 1.7 million metric tonsigading a growth rate of 13.33%, which accounts rfare
than 4% of the country’s agricultural gross doneeptioduct (Halmet al. 2004). It is used as human food in the
form of tortillas, porridge, popcorn and barbecaed as forage and silage for animals. The corn ds&h is
the thin cellulose-rich leafy sheath that covers torn cobs contains high cellulose content and Hesn
exploited for different applications including tkievelopment of cellulose-rich fibres, paper makiag,solid
substrate for citric acid production and for wragpdough in the preparation of Ga kenkey (Ahenleatral.
2012). In spite of having been associated with aayrapplications, it is not an uncommon practisdispose-
off corn husks along with corn stalk and leavekegitby burning or tilling into the soil in develoyi countries
like Ghana. As a way of ensuring a sustainablerenment, researchers are focusing on ways of iujiz
industrial and agricultural wastes of which corrslhis an example. Nazit al. (2012) reiterated that the ash of
the corn husk is believed to possess substantialanof siliceous compounds making it a Pozzolanaterial.
This property makes it feasible to function as mestitious material by improving the binding forces
between the soil particles (Kevern & Wang 201M).a wider scale, the stabilisation of soil blogkth corn
husk ash can also curtail the pollution of the sosvinent, reduce the cost of building whiles mogtantantly,
enhancing the durability of soil blocks. Whilst nerous studies have been conducted on some cheraitéls
agricultural wastes as stabilisers, the same camaataid of corn husk ash even though it is onth@fmajor
crops cultivated worldwide. Therefore, the objetttlos study is to determine the compressive stieramd
durability properties of soil blocks stabilised witorn husk ash.

2. Materials and M ethodology
2.1 Natural Soil Used

The soil used was sourced from the campus of Tdk&alytechnic. The top soil which harboured plamtster
was first scraped-off before the samples were dugxaessive plants matter could hamper the pregeofi soil
blocks (Maniatidis & Walker, 2003). The soil samp¥as then sieved through a 19mm sieve mesh bdfiere t
grading test was conducted which is presentedguarEil. The characteristics and qualities of tiemaasoil are
also presented in Table 1 and Figure 2. The Optimaisture contents (OMC) and the Maximum dry désit
of each level of stabilisation as presented in &&bere determined through the Standard Proctess

2.2 Corn Husk Ash

The corn husk used was sourced from Ejura whictDBkm from Kumasi, the regional capital of the Astha
region, which lies within the geographical coord@saof 7.3833°N and 1.3667°W notable for the catton of
corn in Ghana. The corn husk for the purpose &f shiidy refers to the dry outer covering of thendogrnel
which is left behind after harvesting. The cornksusiere gathered on the farm and subjected to trolea
combustion in the open amidst constant stirring llisks to ensure even combustion. In other wots, t
incineration conditions of the corn husk ash weo¢ controlled in this study. It was then allowed dool
naturally before packing into sacks. The packed @shes were then transported to Takoradi wheveast
sieved using a 325 mesh before determining the ida¢écomposition at the Ghana Standard Authoriipgishe
Gravimetric method with focus on its Pozzolanicgadies which is shown in Table 3.
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2.3 Water
Drinkable tap water devoid of contaminants was usetlis study.

2.4 Preparation of Soil Bricks

The soil and corn husk ash were thoroughly mixeth wpade and compacted manually. With five differen
batches (0%, 5%, 10%, 15%, and 20%), 15 soil blegkis nominal dimensions 200mm x 150mm x 100mm
were produced from each batch. The soil blocks wetially covered with damp plastic sheets andssfac the
first 7 days which [10] averred that it was ess@ndis this prevent surface shrinkage cracking dueapid
evaporation which tends to promotes undesirable &gl uneven distribution of moisture in the blockise
sheets were then removed after which the soil lsloekre air dried at room temperature for the remgi21
curing days as shown in Figure 2 and Figure 3. tatboy tests were conducted on the soil blocksvaduate
their compressive strength, water absorption amasin resistance properties.

Figure 1. Moulded Soil bricks

Figure 2. Curing of bricks using Plastic sheets
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3. Experimental Results and Discussions
3.1 Properties of Natural and Sabilized Soil Samples
Table 1. Characteristics of the Natural soil befétabilizing with Corn Husk Ash
Property Result
Colour Reddish-brown
Soil description Well-graded gravel-sand mixtuighw
little or no fines
Natural moisture content 6.2%
Organic matter content 5.3%
Specify gravity 2.86
Free swell index 42.9%
Shrinkage limit 12.2%
Dyc 0.24mm
D3 2.90mm
Dgc 5.50mm
Clay content 10.5%
Silt content 21.1%
Sand and Gravel content 68.4%
Liquid limit 58.7%
Plastic limit 27.3%
Plasticity index 30.70%
Optimum moisture content 12.3%
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Figure 3. Particle size characteristics of Natsoil sample
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Table 2. Properties of the Natural and Stabilsgits
Corn husk Ash
Property 0% 5% 10% 15% 20%
Maximum dry density (kg/m 1950.00 2020.00 2000.00 1980.00 1920.00
Optimum moisture content (%) 12.30 12.40 13.20 3.0 | 12.40
Plastic limit (%) 28 26.2 27 25.2 26.5
Liquid limit (%) 58.70 56.80 55.03 51.70 51.20
Plasticity index (%) 30.70 30.60 28.03 26.50 24.7
Shrinkage limit (%) 12.20 12.20 11.10 6.70 4.44

Generally, the results of the compaction tests Atidrberg tests on the soil agreed with an easieidy

conducted on agricultural wastes by Mtakibal. (2011) and Oluremit al. (2012) but differ in details. It was
established that the highest maximum dry densitg remched after 5% addition of corn husk ash tostik

whiles the highest optimum moisture content wasébafter 10% corn husk ash addition to the soibleef
declining. Comparatively, the high liquid limit amdasticity index of the natural soil saw a graddatline as

the quantity of the corn husk ash increased.

The general decrease in the liquid limits and plagtindices of the soil are attributed to the didds of
the corn husk ash which reduce the amount of thg particles in the soil that can freely allow wate
molecules to enter between the layers causing sigraonr shrinkage. The decline in the plasticityen of
the soil corroborates the fact that stabilising 8o6ih corn husk ash improves its use as a conbrc
material.

3.2 Chemical properties of the Corn husk ash

The percentage of corn ash retained on a 325 mashl2.5% indicating its ultra-fine nature and siiity as
filler.
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Table 3. Composition of Oxides in the Corn husk ash

Oxides Quantity present (%)
Silica Content as SiO 7.4

Magnesium as MgO 1.20

Aluminium as A}O3 2.39

Phosphorus as,Bs 2.70

Calcium as CaO 0.60

Iron as FeO; 1.26

Sodium as N#D 0.05

Potassium as 0 36.16

The quantities of silica, aluminium and iron oxigeesent in the corn husk ash were found to be ,72438%,
1.26%, respectively which when summed was belownthemum requirement range of 50% - 70% (!SG n/d)
for the different classes of Pozzolans whiles theeee high levels of potassium. The relatively hpgiassium
content found in the corn husk ash was attributetti¢ Potassium-based fertilizer mostly used iratiea for the
cultivation of corn. The presence of the oxidesueh small quantities could be attributed to theoumtrolled
nature of combustion in the open resulting in Hetel of unburned matter which contradict an eadigidy by
(ASTM 2004) who posited that open-air combustiomg@ficultural wastes in heaps results in ashesetkiaibits
high Pozzolanic activities.

3.3 Compressive Srengths of Soil Bricks

The compressive strengths of the soil blocks weterdhined after 28 days curing age. Five soil Bogkth
minimal cracks were randomly selected from eacletband crushed using ADR 2000 Compressive Strenght
Machine. The results of the test are presentealiteT4 below.

Table 4. Anova summary of Compressive strengthodft8icks after 28 days curing age

Batches Mean Compressive SD F-value | P-value
Srength
Soil + 0% Corn ash (Contrql4.177 0.144 23.414 0.000
group)
Soil + 5% Corn ash 4.380 0.119
Soil + 10% Corn ash 4.053 0.249
Soil + 15% Corn ash 4,917 0.132
Soil + 20% Corn ash 5.311 0.258

From Table 4, the F-value obtained after performangne-factor ANOVA test to a significance level 5%
illustrates a high variability between the differéevels of stabilisation than within the batchésilauting it to
the effects of the corn husk ash. Even thoughthallsoil blocks produced were suitable for the trooson of
load bearing walls of one and two storeys whichoatdiong to (Martirenaet al. 1998) should have a minimum
compressive strength of 1.4 N/rhiand 2.8N/mrhrespectively. There was a general increase imdhgpressive
strengths of soil blocks as the quantities of $itayiincreased. Soil blocks with no stabilisat{oontrol group)
had an average compressive strength of 4.177Nvfrites the compressive strength of blocks with &ddition
of corn husk ash was 4.9% higher than those otdmtrol group. Slightly diverging, from the trencere soil
blocks stabilized with 10% corn ash with an avereg@pressive strength being 2.97% lower than tingeut
stabilizer (control group). This decline was attitéd to the numerous gravel particles found inkloeks after
the test which inhibits bonding. Soil blocks with% and 20% corn husk ash had their compressivagihe
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being 17.72% and 27.2% respectively better tharbsmiks with no corn husk ash (control group).

It was found that increasing the corn husk ashénsboil blocks improved the compressive strengshthere is
an increase in the formation of compounds possgssimentitious properties that binds with the phs
together. This according to earlier studi@®gunbode & Apeh 2012; Olaoye & Anigbogu n/d) occurs
predominately due to the presence of silica anérothucial compounds present in the corn husk ashtlae
natural soil confirming studies conducted on Paaaial and stabilising materials.

3.4 Abrasion Resistance of Soil Bricks
As an important criterion of soil blocks, the aliwascoefficient according to [4] is deduced througduation 1.

5
Clemi/e) = o

The abrasion coefficient (Cexpresses the ratio of the brushed surface $n{f) to the mass of the material
detached by the brushing (M M,, in grams).

Table 5. Anova summary éfbrasion Coefficients of Soil blocks after 28 days curing age

Batches M ean Coefficient of SD F-value | P-value
Abrasion (cm?/g)
Soil + 0% Corn ash 0.407 0.041 27.064 0.001
(Control group)
Soil + 5% Corn ash 0.557 0.040
Soil + 10% Corn ash 0.661 0.135
Soil + 15% Corn ash 0.816 0.000
Soil + 20% Corn ash 1.823 0.393

From Table 5, there was a high variability betw#ea different levels of stabilisation than withimetbatches
shown by an F-value of 27.064 indicating the effawtthe corn husk ash on the soil blocks. Fromrésailts,

the soil blocks showed a steady improvement irr tresistance to abrasion (wear) as the dosagesiuifizer

were increased. Whiles blocks without stabilizeesl the least resistance to abrasion with a coefficof

0.407cn¥/g, those with 20% stabilizers had the highesstaste with a coefficient of 1.8238y.

Comparatively, the abrasion resistance of soil kdostabilised with 5% corn husk ash was found t3®&%
better than soil blocks with no ash. Increasing tomtent of the corn husk ash to 10% saw a further
improvement as its resistance was 62.5% better tha@se without corn husk ash. Soil blocks stahiliséth
15% and 20% corn husk blend had their resistarcegetar being 100.7% and 348.4% better than sodkslo
with no corn husk ash. The increase in abrasioffficeats of the soil blocks as the corn husk astrease is
attributed to the improved cementitious action lestav the corn husk ash and that of the soil reguitinan
enhanced bond strength which holds the particlesnmatrix.

3.5 Water Absorption by Capillarity rise of Soil Bricks

This test was conducted by partially immersing #uél blocks in water for 10 minutes. The absorption
coefficient as indicated by Adam and Agip (2001peieds on the speed of absorption and deduced fiem t
Equation 2.

s M; — M;
C.(g/cm*min) = ————
vt

49



Civil and Environmental Research www.iiste.org

ISSN 2224-5790 (Paper) ISSN 2225-0514 (Online) JUET}
Vol.3, No.11, 2013 IIS E
Where;

M, — M, = Mass of water, in grams, absorbed by the blaging the test (g),
s = Surface area of the submerged face, in sqeateretres (cf), and
t = Duration of time of the immersion of the blogk,minutes (min)

Table 5. Anova summary éfbrasion Coefficients of Soil blocks after 28 days curing age

Batches M ean Coefficient of Water SD F-value P-value
Absorption (g/cm? min)

Soil + 0% Corn ash| 46.35 5.450 109.63 0.001
(Control group)

Soil + 5% Corn ash 32.59 2.694

Soil + 10% Corn ash 19.64 2.112

Sail + 15% Corn ash 9.12 1.014

Soil +20% Corn ash 2.65 0.575

All the soil blocks studied absorbed water by dapty. The total water absorbed by the soil blogkadually
declined as the quantity of corn husk ash increas#d soil blocks with 20% addition having the leagter
absorption coefficient (2.65g/émin) whiles blocks without corn husk ash (contrmup) recording the highest
water absorption coefficient (46.35g/anin) supporting an earlier study by Maniatidis aNdlker (2003) that,
the amount of stabilisers influences the water giigm properties of soil bricks.

The decrease in permeability is as a result of¢ldeiction of pore spaces as the finer particlehefcorn husk
ash fill the voids thereby drastically reducing fleav of water within the soil blocks or could b#rébuted to the
increase in the pH value of the moulding water assalt of the partial dissociation of the calcitmydroxide
(Okunade 2008). These calcium ions C@ombine with the reactive silica or alumina omatrst both, present
in the soil to form insoluble calcium silicatesaluminates or both which inhibits the passage dewthrough
the soil blocks.

4, Conclusion

Particle size distribution curve of the soil usadhis study was well-graded gravels, gravel-samndure with

little or no fines and suitable for the productiminsoil blocks. Even though, the corn husk ash usdbe study
did not qualify to be a Pozzolana as the vital congmts of most Pozzolana compounds ¢SKD,0; and FgOs)

were available in small quantities, it was ablémprove the engineering properties of the natuod! and the
soil blocks.

Stabilisation of soil with corn husk ash signifitlgrimproved the compressive strength of soil bekhough
blocks produced were suitable as masonry wall u@tsnerally, increasing the quantity of corn husk a
increased the compressive strengths of the soitkbloThe soil blocks generally showed a remarkable
improvement in their durability properties (abrasand water absorption by capillarity). As the ditsrof corn
husk ash in the soil blocks increased the abilityhe soil blocks to resist abrasion also increasggreciably.
Furthermore, soil blocks also tend to have highewatxclusion property as the quantity of corn hask
increases making it suitable as a masonry wall unit

As evident in this research, stabilization withredwusk ash can improve the properties of masonhbkicks
that can effectively replace the conventional magamits which are noted for their negative enviramtal
impacts.

5. Limitations and Way Forward
In spite of the numerous findings, a number of jidasdimitations needs to the highlighted. First ttudy used
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corn husk ash which was burnt without controllirfie tcombustion temperature. This limited thorough
understanding of the effects of temperature orctisacteristics of the ash. Since, soil vary extehs even in

a given locality, this research is also confinedhi® locality where the soil was sourced. As a whiynproving

the study it is recommended to source the matefiais different areas and also vary the combustion
temperature of the corn husk ash.
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