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Abstract: This project evaluates the performance of pozzolana cement elements produced from alternative raw materials
with a view using them in low-cost housing. It also seeks the reduction of waste from agricultural sources and the cost of
sandcrete blocks by using locally available materials. The need to find alternative materials to replace existing conventional
ones has necessitated research into substitutes to cement with a view to investigating their usefulness to wholly or partly
substitute ordinary Portland cement in the production of sandcrete blocks. This project investigates the possible use of Corn
Cob Ash (CCA) as a partial replacement of cement in sandcrete block production. 140 no. 450mmx150mm×225mm solid
sandcrete blocks of mix ratio 1:8 were cast, cured and crushed at 7, 14, 21, and 28 days. The corn cob ash was replaced at 0 to
40 percent levels at 5% intervals. The maximum compressive strength of 2.10 N/mm2 was recorded at 30% replacement on the
28th day. After 12 months of exposure under northern savannah climatic conditions, the compressive strength remained stable
or even increased with the weathering exposure. The maximum value of 2.10N/mm2 for the 30% replacement level is found
suitable and recommended for building construction having attained a 28-day compressive strength of more than 2.0N/mm2 as
required by the National Building Code for non load bearing walls.
Keywords: Pozzolana-Cement, Construction Materials, Low-Cost Housing, Sandcrete, Corn Cob Ash, Northern Savannah,
Ghana

1. Introduction
The importance of sandcrete blocks as part of local
building materials cannot be over emphasized in building
and construction industry in Ghana. Sandcrete blocks have
been widely used for building construction in the country in
general and are increasingly replacing mud and stabilized
earth as a walling material in the savannah ecological zone.
The rapid adoption of these blocks has encouraged
investigations into ways to make it more efficient and
affordable. It is also an observable fact that river sand which
is an important ingredient in making sandcrete blocks is
widely available in the study area as a result of the many
rivers and water bodies that traverse it.
Maize is the most important cereal crop produced in
Ghana and it is also the most widely consumed staple food in
Ghana with increasing production since 1965 (FAO, 2008;
Morris et al., 1999). In Ghana, maize is produced
predominantly by smallholder resource poor farmers under

rain-fed conditions (SARI, 1996). With these quantities
comes the accompanying waste from corn husk and cob.
The cost of cement is a major issue for many builders in
the study area. Therefore exploring the possible use of a
commonly occurring waste material as a cement substitute
will constitute an equally major relief for builders.

2. Theoretical Framework
Sandcrete blocks are composite material made up of
cement, sand and water, moulded into different sizes. It is
widely used in Ghana as a walling unit. The quality of blocks
produced however, differs from due to the different methods
employed in the production and the properties of the
constituent materials.
Cement is a material with cohesive and adhesive
properties when mixed with water, which makes it capable
of bonding material fragments into a compact whole
(Neville, 1996). Cements are classified as calcium silicate
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and calcium aluminate cement. Calcium silicate cement is
further classified into Portland and Slag, while calcium
aluminate is classified into High alumina and Pozzolona
cement (Jackson and Dhir, 1991). Corn husk and cob has
recently been recognized as pozzolona. A pozzolona is a
siliceous/ aluminous material which in itself has little or
no cementious value, but which will in finely divided
form and in the presence of moisture, chemically reacts
with calcium hydroxide liberated during the hydration of
Portland cement to produce stable, insoluble cementious
compound which contributes to its strength and
impermeability (Sima, 1974).
Corn husk and cob ash is one of the promising
pozzolanic materials that can be blended with Portland
cement for the production of durable concrete/ blocks and
at the same time it is a value added product. Addition of
corn husk/cob ash to Portland cement does not only
improve the early strength of concrete/block, but also forms
a calcium silicate hydrate (CSH) gel around the cement
particles which is highly dense and less porous, and may
increase the strength of concrete/block against cracking
(Saraswathy and Ha- Won, 2007).
Many countries including Ghana have the problem of
shortage of conventional cementing materials. Recently there
are considerable efforts worldwide of utilizing indigenous and
waste, materials in concrete. One of such materials is the corn
husk/cob which under controlled burning, and if sufficiently
ground, the ash that is produced can be used as a cement
replacement material in concrete (Anwar et al, 2000). Corn
husks/cobs are used as building materials; lightweight concrete
briquettes have been made from partly burnt husks/cobs.
Insulating blocks have also been made with cement and husk
ash that resists very high temperatures (Grith, 1974).
Corn cob is the hard thick cylindrical central core of
maize (on which are borne the grains or kernels of an ear of
corn). Raheem (2010) described Corn cob as the
agricultural waste product obtained from maize or corn;
which is the most important cereal crop in sub-Saharan
Africa. There had been various research efforts on the use
of corn cob ash (CCA) and other pozzolana as a
replacement for cement in concrete. Olutoge et al(2010);
presented a comparative study on fly ash and ground
granulated blast furnace slag (GGBS) high performance
concrete, Ogunfolami (1995); considered mixing of the
CCA with Ordinary Portland cement at the point of need
(i.e. on site). Adesanya and Raheem (2010); studied the
workability and compressive strength characteristics of
Corn cob ash (CCA) blended cement concrete. Adesanya
and Raheem (2009); also assessed the development of Corn
cob ash (CCA) Blended Cement.

3. Materials and Methods
3.1. Study Area
The data were collected between January and September,
2013 in the five regions (Northern, Upper East, Upper West

and the northern Brong Ahafo and Volta regions as shown in
Figure 1 below) of Northern Ghana. This area also referred
to as the northern savannah ecological zone in Ghana makes
up about 48% of the country’s total land area. Rainfall
distribution is uni-modal giving a single growing season of
180 to 200 days with an annual mean of 1,100 mm. The dry
season starts in November and ends in March/April with
maximum temperatures of about 42°C occurring towards the
end of the dry season. The data collection was carried out in
six districts across the zone, two districts in each of the three
regions and one district each from northern Volta and Brong
Ahafo.

Source: SADA (Savannah Accelerated Development Authority)
Figure 1. A map of Ghana showing the study area.

3.2. Materials
3.2.1. Sand
The Sand used was clean, sharp river sand that was free
from clay obtained from Dalung near Tamale in the Northern
Region. The sand had a specific gravity of 2.60.
3.2.2. Cement
The cement used was ordinary Portland cement from the
Savannah cement company, located in Buipe in the Northern
Region with properties conforming to BS 12(1971). The
properties of the cement are shown in Table 1.
3.2.3. Water
The water used was potable, fresh, colourless, odourless
and tasteless water that is free from organic matter of any
type.
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3.2.4. Corn Husk/Cob Ash (CCA)
Corn husk and Cob used for this work was obtained from
different farms located in the study area. The samples were
allowed to dry under the sun for three days. The dried husk
and cobs were burned slowly to ash in a gas kiln gradually
for 3 days at 1100°C to obtain a finely divided ash, which is
then sieved and kept ready for analysis (Rice Husk Ash,
2009). Chemical analysis of CCA was carried out in the
laboratory of Chemistry Department at the Kwame Nkrumah
University of Science and Technology. The properties are
shown in Table 1.
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hydration is reduced thereby the strength of the sandcrete
blocks is reduced.

3.3. Manufacture of Sandcrete Blocks
In this study, the solid blocks were manufactured with the
use of the fabricating machine. One mix proportion of 1:8
was used in the production of 450mm x 225mm x 225mm
sandcrete
block.
One
hundred
and
forty
of
450mmx150mmx225mm solid sandcrete blocks were
produced. The quantities of materials obtained from the mix
design were measured in each case by volume. The
percentage of CCA content was varied in steps of 5% to a
maximum of 40%. For the experiment, hand mixing was
employed, and the materials were turned over a number of
times until an even colour and consistency was attained.
Water was then added as required through a water hose, and
the materials were further turned over to secure adhesion. It
was then rammed into the machine mould, compacted and
smoothened off with a steel face tool.
After removal from the machine moulds, the blocks were
left on pallets under cover and cured by watering through a
fine watering hose. Testing for crushing strength was then
carried out at 7, 14, 21 and 28 days.

Figure 2. Diagram showing the relationship between CCA content and
compressive strength.

The Nigeria National Building Code (16) recommended
that average strength of 6 sandcrete block shall be
2.00N/mm2 and lowest strength for individual block shall be
1.75N/mm2 sandcrete block (18). For the 5% replacement of
CCA in the cement matrix, the least value for the 28th day
compressive strength is 2.03N/mm2, higher than
recommendation by the code.
4.2. Effect of CCA on Dry Density
There is inconsistency in the dry density of the mix for the
ages, but the maximum dry density for all the ages occurred
at 15% CHA replacement. The maximum value of 1945.90
Kg/m3 was recorded at 7 day test.

4. Results and Discussion
The results are presented in tabular and graphical forms.
Table 2 shows the results of the compressive strength test at
various percentages of CCA contents. Figure 1 shows the
plot of compressive strength against percentage CCA content
at ages 7, 14, 21 and 28 days. Figure 2: shows the
relationship between CCA content and compressive strength.
4.1. Effect of Corn Husk/Cob Ash on Compressive Strength
The compressive strength values show that the inclusion
of CCA in the cement matrix does not appreciably enhance
the compressive strength of the sandcrete blocks. At 5%
replacement of CCA the compressive strength is
2.16N/mm2, which is 15% less than the control value. Figure
2 revealed that there is decrease in compressive strength as
the proportion of coconut husk ash increases in the mix. The
reduction in compressive strength for the replacement is due
to low percentage of Calcium Oxide and Silicate Oxide in
coconut husk ash. These two silicates are the main
constituent of cement and are mainly responsible for the
strength development. So as the cement content is gradually
replaced by the coconut husk ash, the quantity of cement for

Figure 3. Diagram showing the relationship between dry density and CCA
content.

4.3. Weathering Conditions
To determine the effect of weathering on the properties on
the sandcrete blocks, the prepared samples that attained the
desired compressive strength were exposed to the outdoor
climatic conditions at various locations of the study area. The
samples were exposed 28 days after manufacture in racks
inclined 45° to ensure maximum exposure during the rainy
and dry seasons.
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The exposed specimens recorded stable or slight increases
in compressive strength with no visible signs of
deterioration.

5. Conclusion
The main conclusions derived from this investigation are
as follows:
Agriculture wastes such as corn cob/ husk ash shows
good pozzolanic property in the production of
sandcrete blocks.
The maximum compressive strength of 2.16 N/mm2
was obtained for the sandcrete block specimens at a
percentage CCA content of 30%.
Corn husk/cob ash addition should not exceed 30% of
the weight of cement for best results.
The maximum compressive strength achieved at 5% is
more
than
recommendation
of
2.00N/mm2
recommended by National Building Code, for non load
bearing walls.

Recommendation
1. Subsequent studies should be done on 0- 40%
replacement of cement with corn cob ash and in steps
of 5%.
2. Block/Concretes with the presence of ash content
should be allowed to cure for 90days, by which
pozzolanic activity of ash would have been concluded.
3. The use of locally available materials in infrastructure
development will be met with the use of corn cob ash
as a construction material and ultimately help meet our
millennium development goals (MDG), thereby also
enhancing the economic power of the rural dwellers if
they are encouraged to plant maize from which these
corn cobs could be gotten. The global green
environment initiative will also be greatly influenced
by the reduction in solid waste disposal.
4. The volume replacement attempted to get high strength
concrete should be enhanced with super-plasticizers
and a further reduction in the water-cement ratio so
that concrete of very high strength can be achieved.
The following recommendations are drawn.
1. Use of other admixtures be incorporated with corn
husk/cob ash in order to retard the hydration of water
be studied
2. Other raw materials containing slightly higher calcium
oxide and alumina could be used to improve the used
of RHA as cement replacement.
1. Subsequent studies should be done on 0-40%
replacement of cement with corn cob ash and in steps
of 5%.
2. Concretes with the presence of ash content should be
allowed to cure for 90days, by which pozzolanic
activity of ash would have been concluded.
3. The use of locally available materials in infrastructure
development will be met with the use of corn cob ash

as a construction material and ultimately help meet our
millennium development goals (MDG), thereby also
enhancing the economic power of the rural dwellers if
they are encouraged to plant maize from which these
corn cobs could be gotten. The global green
environment initiative will also be greatly influenced
by the reduction in solid waste disposal.
4. The volume replacement attempted to get high strength
concrete should be enhanced with super-plasticizers
and a further reduction in the water-cement ratio so
that concrete of very high strength can be achieved.
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Table 1. Chemical Analysis result of Portland cement & Corn Cob Ash.
Name of compounds

Cement (%)

CCA (%)

Total Organic Content (Toc)

1.7

0.25

Calcium Oxide (CaO.)

62.32

0.005

Silicate (SiO2) 18.72 0.005

18.72

5.10

Aluminate (Al2O3)

6.2

5.10

Ferrite (Fe2O3)

0.94

2.48

Magnesium Oxide (MgO)

1.62

0.09

Sulphur trioxide (SO3)

1.1

0.12

Sodium oxide (Na2O)

0.34

0.02

Table 2a-e. Compressive Strength Test Result of Sandcrete block Specimens
Containing Various CCA.
Percentage
CCA Content

0%
(CONTROL)

Percentage
CCA Content

Age
(Days)

Dry Density
(x103kg/m3)

Compressive Strength at
28 days (N/mm2)

7

1.835.30

1.52

14

1.858.40

2.11

21

1.784.70

2.41

28

1.860.70

2.48

Age
(Days)

Dry Density
(x103kg/m3)

Compressive Strength at
28 days (N/mm2)

7

1.819.20

0.70

14

1.819.20

1.14

21

1.807.70

1.33

28

1.766.30

1.40

Age
(Days)

Dry Density
(x103kg/m3)

Compressive Strength
at 28 days (N/mm2)

7

1.840.00

0.25

14

1.842.30

0.35

21

1.833.00

0.44

28

1.853.80

0.51

10%

Percentage
CCA Content

20%
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Percentage
CCA Content
30%

Percentage
CCA Content

40%

Age
(Days)
7
14
21
28

Dry Density
(x103kg/m3)
1.842.30
1.844.60
1.837.70
1.821.50

Compressive Strength
at 28 days (N/mm2)
0.03
0.06
0.11
0.06

Age
(Days)
7
14
21
28

Dry Density
(x103kg/m3)
1.834.80
1.859.30
1.828.35
1.872.75

Compressive Strength at
28 days (N/mm2)
1.50
2.10
2.40
2.47
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