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Abstract

This research investigates the potential of cow bone ash (CBA) as a stabilizer for lateritic soil,
aiming to improve its geotechnical properties for road construction and mitigate environmental
pollution from bone waste disposal. Lateritic soil samples were collected from Peke Airport
Road and stabilized with varying percentages of CBA (0%, 2%, 4%, 6%, 8%, and 10%).
Standard laboratory tests, including specific gravity, particle size distribution, Atterberg limits,
compaction, and California Bearing Ratio (CBR), were conducted according to British Standards
(BS 1377: 1990 and BS 1924: 1990). demonstrating improved geotechnical properties such as
increased unsoaked and soaked CBR values (from 51.0% to 57.0% with 10% CBA), reduced
Atterberg limits (LL decreased from 44.5% to 30.0% with 10% CBA), and enhanced compaction
characteristics (MDD increased from 1660 kg/m? to 1770 kg/m* with 10% CBA), while also
considering the trade-off of increased optimum moisture content (OMC) from 12.0% to 17.5%
with increasing CBA content, necessitating further analysis to determine the optimal CBA
percentage for optimal stabilization.
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1. Introduction
1.1 Background and Rationale

Soil stabilization plays a vital role in achieving durable and dependable structures using locally
sourced earth materials. It enhances the engineering performance of soils by improving strength,
increasing particle bonding, minimizing voids, and reducing volume changes associated with
moisture fluctuations. In addition, stabilized soils exhibit greater resistance to environmental effects
such as erosion, rainfall, and wind action. Stabilization techniques are generally classified into
mechanical, physical, and chemical methods [1].

The choice of construction materials is largely influenced by their availability and cost. In many
developing nations, the high cost of conventional building materials poses a major challenge to
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affordable housing delivery. This situation highlights the need to explore alternative materials
derived from locally available resources that are both economical and sustainable [1].

In Nigeria, cow bones are generated in significant quantities as waste products from abattoirs. These
bones can be processed into bone ash, providing a useful alternative material for engineering
applications. Current disposal practices, such as indiscriminate dumping and open-air burning,
contribute to environmental pollution and health risks. The conversion of cow bones into ash for use
in road construction, particularly in rigid pavement systems, offers multiple advantages. These
include improved waste management, reduction in landfill usage, decreased environmental
pollution, and potential economic benefits for local stakeholders. Furthermore, producing bone ash
consumes less energy compared to the manufacture of Portland cement, thereby reducing
dependence on imported materials and conserving foreign exchange [2].

The properties of soil have a direct impact on the performance and stability of civil engineering
structures such as roads, buildings, and dams. For any construction project to be successful, the
underlying soil must possess adequate engineering characteristics. Poor understanding of weak soil
behavior can result in structural failures. Moreover, the inherent variability of soil across different
locations makes it difficult to predict its behavior accurately. Therefore, proper site investigation
and soil testing are essential prior to construction. In cases where the natural soil is unsuitable,
stabilization techniques provide a more economical alternative to complete soil replacement by
improving the in-situ properties of the soil [3].

Broadly, soil stabilization encompasses a range of methods aimed at modifying soil properties to
enhance its engineering performance [4]. It is widely applied in infrastructure projects, particularly
in the construction of highways and airfield pavements, where improved strength and durability are
required. The primary objective is to increase soil stability while reducing construction costs
through the use of readily available materials. Additional benefits of soil stabilization include
energy conservation, dust suppression, water resistance, and improved long-term durability [5].

Laterite is a naturally occurring material rich in iron and aluminum, typically found in tropical and
subtropical regions characterized by high temperature and rainfall. Its distinctive reddish coloration
is due to the presence of iron oxides. Lateritic soils are formed through intense weathering and
leaching processes that remove soluble minerals, leaving behind iron and aluminum-rich residues.
While some researchers classify laterite as a rock, others consider it a type of soil depending on its
formation and characteristics [6].

Lateritic soils are widely used in construction due to their availability and relatively good
engineering properties. They are formed from the weathering of parent rock and are generally
characterized by a high content of iron and aluminum oxides, with relatively low silica content.
However, their properties can vary significantly depending on location and environmental
conditions, making them less uniform compared to other soil types [5].

2. Materials And Methods
2.1 Cow Bone Ash (CBA)

The cow bone ash was produced from calcined cow bones locally purchased from an indigenous
community abattoir in (Akerebiata, sobi road, Ilorin, Kwara State) already burnt and broken down
into smaller pieces. This was later milled to a powdery form using ball mills at the Mineral
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Resources Engineering department of University of Ilorin. It was then passed through 425 um [7]
(U.S. No. 40) sieve before being used to stabilize the lateritic soil.

Figure 1: Grinded and calcined Cow bone ash
2.2 Lateritic Soil (LS)

Lateritic soils for this research were obtained from a depth of 1.2m below ground level and the
laterite material considered was obtained from a borrow pit located along (Peke) airport road, Ilorin,
Kwara State, Nigeria.

The lateritic soil samples were collected air-dried at room temperature and brought to the soil
laboratory at University of Ilorin, Nigeria, indicating the soil description, sampling depth and date
of sampling.

Figure 2: Laterite Soil
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Figure 3: Location of lateritic soil sample (Google map)

2.3 Geotechnical Test
Preliminary tests, including natural moisture content, specific gravity, sieve analysis, and Atterberg

limits, were conducted on samples of lateritic soil. The different percentages of cow bone ash (2%,
4%, 6%, 8% and 10%) were used in the stabilization of the lateritic soil samples. The samples
obtained were used for the CBR, Compaction, and Atterberg limits tests at various proportions.

Preliminary tests such as moisture content, and Atterberg limits were conducted on the natural soil

sample and further stabilized with varying percentages of 2, 4, 6, 8 and 10% respectively cow bone
ash. Tests were conducted to determine the maximum dry density (MDD) and optimum moisture

content (OMC). The procedures for various tests were carried out in accordance with BS 1377 —
1990:1-8 and the results compared with FMWH [7][8][9] Standards.

3. Results And Discussions

3.1 Sieve Analysis Result
The result of the particle size distribution in percentage weight of soil sample is as shown in Fig. 1.

The percentage of soil (35.92%) passing 0.075um sieve shows that the sample is clayey soil

material [10].

o
0!
1t

N ——______ — i _,.r - E E : ;g;é»;.;:;upegli;%x 5_5; > ;; ; .
| PP FEL R T TP T
A
' - B Hl B3 | | ) O, I
= ) Z R | O o
Ef 2 -BC Ly T a1
& * 5 .8 o a4 R P S EREE )
a  ta2s O O 63 5 5 2 O
£g | B2 AN FENE TGN S S
£ 3 5 %3 ] R Tb PEPDEE bbbl P Er  RE
s o = I I BT CFR TR bR FeF TEIETEE
2-2 i L; ST - [ T e L —aease t e
= 5 o7 R 3 2 : . © : e :
E = =z st samprelrepta [ Dio: |5 =0 o o
gg g;, FL : o éc, TH ’f »'o’ [}bg gbé.ffc-‘
v T FSTE B - ——+
FET & ! [ } E |

Fig. 4: Particle Size Distribution Curve
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Table 1: Engineering Properties of natural lateritic soil sample

Engineering properties Values
Liquid limit, LL (%) 44.5
Plastic limit, PL (%) 21.1
Plasticity index, PI (%) 23.4
Natural moisture content (%) 13.6
Plasticity Chart Classification clay
OMC (%) 12
MDD( kg/m3) 1.66
CBR(soaked) % 25
CBR(unsoaked) % 51

3.2 Effect of Cow Bone Ash Stabilization on CBR of Lateritic Soil Sample

From the laboratory test results with 0%, 2%, 4 %, 6%, 8%, and 10% cow bone ash, the CBR values
are as shown in Figure 2 below. The Unsoaked CBR increased from 3.2 51.0% for the untreated soil
to 57.0% with 10% CBA content. , the Soaked CBR increased from 25.0% to 26.0%. These
increases in CBR values indicate an improvement in the soil's strength and load-bearing capacity,
which is crucial for road construction as it ensures that the pavement can withstand traffic loads and

environmental conditions.
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Figure 5: California Bearing Ratio against Cow bone ash.

The results show a clear increasing trend in both unsoaked and soaked CBR values with increasing

CBA content. For instance, the unsoaked CBR increases from 51.0% for the control sample to

57.0% with 10% CBA. This indicates that CBA significantly improves the load-bearing capacity of

the lateritic soil, making it more suitable for road construction.

3.3 Effect of Cow Bone Ash on Atterberg Limits of The Stabilized Soil
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Table 2: Atterberg limit Values for Cow Bone Ash stabilized lateritic soil

Percentages Liquid limit | Plastic limit | Plasticity index
Control 0% 44.5 21.1 23.4
2% 40 17.2 22.8
4% 37.5 15.1 22.4
CBA 6% 34 16.3 17.7
8% 36 18.1 17.9
10% 30 16.6 13.4

Table 1 above illustrates that the Liquid Limit (LL) decreased from 44.5% for the untreated soil to
30.0% with 10% CBA content. Similarly, the Plastic Limit (PL) decreased from

21.1% to 16.6%. This reduction in LL and PL resulted in a significant decrease in the Plasticity
Index (PI) from 23.4% to 13.4%, and so on for varying percentage respectively. Indicating a
reduction in the soil's plasticity and an increase in its stiffness. This is desirable as it improves the
soil's stability and reduces its susceptibility to volume changes due to moisture fluctuations.

The soil sample in its natural state has plasticity index value greater than 11% show the sample as
clayey materials. The sample was classified according to AASHTO (1986) as A-7- 6.

3.4 Compaction Test Result

Table 3: compaction values for Cow Bone Ash stabilized lateritic soil

MDD OMC
Percentage
kg/m? %
Control 0% 1660 12
2% 1670 14
4% 1690 14.5
CBA 6% 1720 15
8% 1750 16
10% 1770 17.5

From Table 1 above, the Maximum Dry Density (MDD) increased from 1660 kg/m* for the
untreated soil to 1770 kg/m* with 10% CBA content. This indicates an increase in the soil's density
and compaction potential, which is beneficial for achieving higher strength and stability. However,
the Optimum Moisture Content (OMC) increased from 12.0% to 17.5% with increasing CBA
content. This suggests that more water is required to achieve maximum compaction with higher
CBA percentages.

4. Conclusion

The final conclusion was that Cow Bone Ash can be used to improve the engineering properties of
the laterite soil.

1. The geotechnical properties of lateritic soil in (Compaction, and Atterberg limit). Atterberg
limit state revealed that the liquid limit (LL) value is 44.5 for the lateritic soil while 21.1 for
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il.

iil.

the plastic limit. The plasticity index was also determined to be 23.4. In soaked CBR value
was revealed to be 25 whereas unsoaked CBR value was 51 for lateritic soil. The compaction
value i.e the MDD and OMC are 1660kg/m? and 12.0% respectively at control.

The geotechnical properties of the lateritic soil used in this study enabled us to determine the
effect of CBA on the California bearing ratio of the soil. For lateritic soil the maximum
amount of CBA that would allow for an increase in soaked CBR value was revealed to be 29
at 8% whereas unsoaked CBR value was 58 at 8%. Atterberg limit i.e the liquid limit was
revealed to be 36.0 at 8%, plastic limit to be 18.1 at 8% and plasticity index value was 17.9 at
8%.

Cow bone ash addition at 2%,4%,6%,8%, and 10% with the soil sample showed that the
OMC values of the lateritic soil were constantly increasing. These variations range from 14%
to 17.5%. Also, the addition of CBA (2%-10%) to the soil sample resulted in an improvement
in MDD values. These variations range from 1670kg/m?® to 1770kg/m3. Cow bone ash
addition was shown to work best at 8% content for soil sample.

5. Recommendations

1.

ii.

1il.

Conduct a cost-effectiveness analysis to compare the use of CBA with other commonly used
stabilizers (e.g., cement, lime) in terms of cost, environmental impact, and long-term
performance.

Assess the potential environmental impacts of using CBA as a soil stabilizer and explore ways
to minimize any negative effects.

Investigate the potential for using locally sourced and recycled CBA to promote sustainable
road construction practices.
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